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FLASH-EVAPORATORS 
PORTABLE MODEL 


UNIVERSAL MODEL 


Standard equipment in most 
laboratories. Preferred for per- 
manent installations .and for 
heavy duty operation, but with 
all basic features of Portable 
Model. For continuous or batch 
operation, with easy conversion 
from one to the other. 


Bulletin FE-2D 








A new Flash-Evaporator that 
grows with your requirements. 
Build it up with accessories for 
large scale work, continuous evap- 
oration, and constant tempera- 
ture control. Take it apart when 
not needed. Balanced design; 
high torque, variable speed, and 
totally enclosed motor; glass-to- 
glass connections throughout. 
Evaporates strong acids, alkalis, 
and radio-active materials with- 
out contamination or back drip. 


Bulletin FP-2D 








EVAPO- MIX 





For evaporation of fraction cuts 
directly from test-tubes. Evapo- 
rates water at rate of 1.0 ml/ 
min; ethanol, 4.2 ml/min; ethyl 
acetate, 7.2 ml/min; and acetone, 
10.0 ml/min. Simultaneously 
evaporates 10 test-tubes, 16-20 
mm dia. x 150 mm long. Connects 
to water aspirator for vacuum. 
Automatic thermoregulator con- 
trols temperature from room to 
200° C. Controlled vibration pre- 
vents “bumping” during heating. 
Closed system of glass and inert 
plastic prevents contamination. 


Bulletin 3D-2000 





For Rapid, Sensitive, 
Accurate, Automatic Titration .. . 
The COTLOVE* 


CHLORIDOMETER 


For the analysis of serum, urine, and tissue ex- 
tracts; synovial, spinal, gastro-intestinal, and other 
body fluids; sweat, pleural effusions, and other exu- 
dates and transudates; brine; and dialyzates. 


The Chloridometer is used for automatic and accurate de- 
termination of chloride concentration and is potentially adapt- 
able to bromide, iodide, and sulfhydryl groups. In use in 
leading medical schools and research centers the Chloridom- 
eter shows important advantages of sensitivity and simplicity 
over the commonly employed colorimetric and electrometric 
methods. 

The instrument uses an amperometric end-point to obtain 
automatic shut-off at a pre-set increment of indicator current. 
Generator electrodes in the coulometric circuit release silver 
ions into the titration solution at a constant rate. When all 
chloride is precipitated, the increasing concentration of free 
silver ion causes a rising current to flow through the indicator 
electrodes and the pre-set meter-relay stops the timer, which 
runs as silver ions are generated. Since the rate of generation 
of silver ion is constant, the amount of chloride precipitated 
is proportional to the elapsed time. 


CHLORIGRAPH 


The Buchler Instruments Chlorigraph is a nomograph de- 
vised to eliminate repeated arithmetical calculation of the 
chloride content of serum or of fluids with similar chloride 
concentration. Thus, by merely laying a straight-edge across 
the nomograph, anyone may directly read to the nearest 0.1 
mEq/L concentration of the sample, using the average 
net seconds of the standard and the net seconds of the un- 
known. The Chlorigraph is equally useful for determining the 
chloride concentration of cerebrospinal fluid and most exu- 
dates and transudates. 


For complete data on other dels and 
send for Bulletin 4A- 2000. 








IN 6 STEPS AND IN LESS THAN 60 SECONDS 


SET ADJUSTABLE POINTER 
TO 10 DIVISIONS ABOVE RESET TIMER 
INDICATING POINTER TO ZERO 


WHEN TIMER STOPS 
AUTOMATICALLY, 
RECORD SECONDS 


PLACE SAMPLE TURN SWITCH 
IN POSITION 


TURN SWITCH SELECTED 
TO "ADJUST" (No.l) © TO"TITRATE"(No.2) TITRATION RANGE 


ACCURACY: .5% better than .1% 
under optimal conditions 
SENSITIVITY: 0.25 microequivalent 
SAMPLE SIZE: 0.01 mi or more of 
serum with .5% accuracy, smaller 
amounts with diminished accuracy 
PRICE: Complete with electrode as- 
sembly, 1 oz. Silver wire, 


* The CHLORIDOMETER 
is produced according to 
the design of E. Cotlove, 
H. V. Trantham, and R. L. 

Bowman of the National 
cuvettes, 2 stainless steel cuvette 


racks, 3 vials of gelatin reagent Heart Institute, Bethesda, 
(powder), 500 ml spray Md. 

bottle, cleaning kit 
and instruction man- 


ual. $498.00 








New York 31 


ale col a Sao Ae) 





| 





‘ER 


ove, 
bs ike 
onal 
sda, 








In a PHASE-CAMERA-MICROSCOPE 
Only UNITRON offers all three: 


JV CONVENIENCE 
J VERSATILITY 
/ ECONOMY 















































UNITRON'’S unique Phase-Camera-Microscope will assure 
you a CONVENIENCE of operation impossible to duplicate 

Graduated with a conventional microscope stand. For example, a 
Mechanical Stage specimen consisting of a tissue culture or aqueous solution 
may be examined in the very petri dish in which it has been 
prepared. Merely place the dish on the microscope stage; 
examine the contents visually, project the image on the 
viewing screen, or photograph —all in rapid sequence 
and at magnifications up to 2000X. With the inverted 
design, there is no need to contend with slipping cover 
glasses or evaporating fluids. Using the phase optics, 
you dispense with messy chemical staining. Aided by the 
self-contained illumination system and built-in cameras, you 
eliminate troublesome problems of alignment and vibration. 


UNITRON’S Phase-Camera-Microscope, optically equipped 
for Bright and Dark Phase Contrast, bright and dark field, 
and polarized light, offers the microscopist a working tool 
of unmatched VERSATILITY. The overhead turret phase 
condenser is centerable, divisible, and provides long 
working distances sufficient even for micro-manipulation. 
Provision is included for four different cameras — 3%" 
x 4%", 35mm., Polaroid, and motion picture. Available at 
extra cost are macro accessories for magnifications as 
low as 5X and accessories for opaque specimens. This 
UNITRON model meets not only your urgent needs of 
today —its versatility is your assurance of continued 
usefulness in the future. 


UNITRON’S Phase-Camera-Microscope is the ideal all- 
purpose instrument for visual examination, viewing, and 
photo-recording. Completely equipped with an impressive 
array of optics, its cost is actually lower than that of a 
conventional phase stand, camera and illuminator — true 
ECONOMY for any laboratory. 
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UNITRON’S Phase-Camera-Microscope Model BU-13 


as described including binocular body; 8 phase ob- = Se St A A A = 
jectives 10X, 20X, 40X, 100X oil, in both bright and 


dark contrast; paired visual eyepieces R5X, P10X, 
Kel5X; focusing telescope; four photographic eye- $1580 IU NI ; R ON’ 
pieces 10X, 15X, 20X, Micrometer; phase condenser; 
filters; polarizing accessories; special glassware, etc. anaes INSTRUMENT DIVISION OF UNITED SCIENTIFIC Co. 
$1390 204-206 MILK STREET » BOSTON 9, Lpsonina heh 
Please rush UNITRON's Microscope Catalog 4F4 
Name - 
{ Company a f ; i 
i Address 
City. State. 


THE TREND 1S TO UNITRON = &e eee come come coe coe ee oe oe oe 
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Monocular Model U-13 


























REICHERT PIONEERS IN DEVELOPING APPARATUS FOR 


fluorescence microscopy 


Our vast experience in this field is at your disposal 


For best possible results in GENERAL FLUO- 
RESCENCE MICROSCOPY or the study of ANTIGEN 
ANTIBODY REACTIONS we recommend 


The ZETOPAN Research Microscope with Dou- 
ble Lamp Arrangement for instant change-over from 
routine to illumination for Fluorescence Microscopy. 
Integral Tungsten Filament and 200 Watt OSRAM 


Mercury Vapor Arc lamps. Unlimited versatility and 


utmost working comfort. 





The FLUOREX unit for use 
with conventional microscopes, 
featuring a 200 Watt OSRAM 
Mercury Vapor Arc Lamp, con- 


venient filter arrangement and 





completely enclosed circuit. 


For complete information or a demonstration of REICHERT equipment 


WILLIAM J write or phone 


SA, ache 82 Beaver Street New York 5, N.Y. 
ee a ho Tel: BOwling Green 9.8750 
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USSR and Amerika 


One aspect of the cultural exchange between the Soviet Union and the 
United States that has attracted little notice is the production of monthly 
magazines by each country for distribution in the other. The magazines, 
USSR and Amerika, are both richly illustrated slick-paper magazines of 
generous and attractive format. What does each country think it important 
to tell the other? How are the magazines alike? How do they differ? 

The magazines resemble each other in that they both devote much space 
to articles about medical care, schools and teachers, art museums, artists, 
the ballet, symphony orchestras, the theatre, sports, fashions, family life, 
vacations, and vacation resorts. Judging by the pictures, the people in both 
countries are healthy and happy, at work and at play. 

But in emphasis and attitudes in some fields the magazines differ sharply. 
USSR is obviously written for the American audience; unfortunately, so 
is much of Amerika. Aside from two articles about the production of War 
and Peace as a movie and as a television show, none of the articles in 
Amerika is specifically directed to a Russian audience, although special 
articles about the fall of parity and the functions of Congress and of the 
Supreme Court are surely informative to that audience. 

For the most part, Amerika depends upon reprinted material—that is, 
material originally written for an American audience and published in 
books or such magazines as Life, Look, McCall’s, The Lamp, Friends, and 
so on. Of the 125 articles in the last seven issues of Amerika, 77, or more 
than 60 percent, are reprints. Many of these are of good quality and present 
an adequate picture of some aspect of American life. What they lack for 
the present purpose is the background that most Americans—but few Rus- 
sians—would be expected to know. The Russians on the other hand take 
pains to sketch in the background; they take nothing for granted. The Rus- 
sians describe their air transport network and their large, fast, new planes; 
the Americans reprint an article about America’s little airlines, some of 
which are still flying DC-3’s. USSR describes how deserts are made to 
bloom under irrigation; how hydroelectric power is increasing and how it 
is fed into a national grid; and how tractors and other mechanical aids 
help the farmer. Amerika has little that is comparable in scope. 

The remedy is clear. Amerika should become less dependent on reprints 
and should commission articles that give comprehensive pictures of some 
of our accomplishments. We suggest articles on the Grand Coulee Dam, 
the TVA, wheat farming, agricultural research, the oil industry, automa- 
tion and the machine tool industry, great industrial cities, the U.S. con- 
tribution to antibiotics, nuclear reactors, research accomplishments in 
optical and radio astronomy, the invention of the transistor, synthetic dia- 
monds, America and the IGY, biographical sketches of noted American 
scientists, the National Science Foundation and basic research, foreign 
students in the United States, and the American Pavilion at Brussels. 

The United States has a great and exciting story to tell; it is up to 
Amerika to tell it—G,.DuS. 
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How the radio art can be improved through solid state science is illus- 
trated by a recent development at Bell Telephone Laboratories. To make 
voice signals travel by microwaves they must first be “converted” —caused to 
vibrate at billions of cycles per second. To date, it has been possible to 
accomplish this conversion only at the cost of appreciable loss of signal energy. 
Could a more efficient converter be provided? 


In the field of solid state science it was known —as a laboratory curiosity — 
that semiconductor diodes can be made not only to convert the frequency of 
signals, but also to amplify them. At Bell Laboratories Dr. Arthur Uhlir, Jr., 
and his associates calculated that this amplifying action could be put to prac- 
tical use. They proved the point by developing a junction diode converter 
which can deliver up to 40 times as much signal energy as previous converters. 


This efficient new converter will be applied in a new Bell System micro- 
wave highway able to transmit thousands of telephone conversations and a 
dozen television programs simultaneously at six billion cycles per second. In 
other forms it is being developed, under Signal Corps contract, for radar and 
military communications where more efficient frequency conversion can also 
be used to advantage. 


This development is an example of the many different ways in which 
Bell Laboratories works to improve your telephone service and communications 
at large. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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New Dimensions in Seismology 


Earthquakes are characterized by geographical position, 
instant of occurrence, depth, and magnitude. 


The occurrence of an earthquake is a 
good example of a point event in space- 
time. In the 1850’s, when the founda- 
tions of seismology were laid, an earth- 
quake was held to originate in a sudden 
and probably explosive change affecting 
a subterranean volume small enough to 
be taken as a point, for most purposes. 
This point was termed the hypocenter; 
the spot vertically above it on the sur- 
face of the earth was termed the epi- 
center, 

On this basis, there are four quanti- 


C. F. Richter 


fact that most earthquakes originate at 
relatively shallow depths, of the order 
of 15 to 30 kilometers. After 1922, dis- 
covery of earthquakes at depths as great 
as 700 kilometers made it necessary to 
work with all three spatial dimensions. 

A still later development assigns to 
each earthquake a numerical measure 
called its magnitude; here, in effect, we 
are dealing with a fifth dimension. 


Duality 


at right angles to the ray. S waves con- 
sequently are capable of polarization. 

Near the epicenter of a large earth- 
quake these waves arrive at the surface 
with sufficient energy to occasion per- 
ceptible and even violent vibration. 
Shaking due to these elastic vibrations 
is the immediate cause of most earth- 
quake damage and of many other com- 
mon effects of earthquakes. 

Instruments which write a continuous 
magnified record of such earth motion 
are seismographs. The first effective ones 
were built about 1880, but some years 
passed before it was realized that seis- 
mographs might be capable of recording 
earthquakes originating at great dis- 
tances from the point of observation— 
teleseisms, as they are now termed. The 
first identified teleseismic record was 
written on 17 April 1889, when an in- 
strument set up by von Rebeur-Pasch- 
witz at Potsdam registered a disturbance 
due to an earthquake in Japan. This 
date is a milestone, as important in the 
history of seismology as the night when 
Galileo turned his first telescope on 
Jupiter is important in the history of 
astronomy. 


Jlus- ties to be determined; two give the geo- : With the discovery of teleseismology, 
aati graphical position of the epicenter, a An earthquake Is a dual event, and the study of earthquakes was divided 
we third is the depth of the hypocenter, and consequently seismology is a dual sci- into two cooperative disciplines. Instru- 
i. oe the fourth is the instant of occurrence. NCE. On the one hand, an earthquake —_ mental recording, and the interpretation 
ergy. Various means were tried to eliminate 8 a sudden subterranean hy aera In of the resulting seismograms, called for 
the last two and concentrate on locating most earthquakes, including all large all the normal techniques of laboratory 
the epicenter. ones, this occurrence is not an explosion physics, while interpretation of the phe- 
sity — When it became known that such but a shearing fracture, which may ex- nomena of great earthquakes continued 
cy of earthquakes as took place in Japan in _ tend to the surface, there to present it- —_ to challenge the skill of the field geolo- 
ir, Jt, 1891, and in California in 1906, were _ Self for inspection and study by eld gist. Teleseismology and field seismology 
“prac: accompanied by fracturing of the sur- ge0logists. On the other hand, sudden _ have advanced together. 
verter face rocks along lines extending for hun- fracturing sends out through the solid This article is concerned with a few 
erters. dreds of miles, it was thought that the material of the earth two principal types recent developments only, and with 
ideas of hypocenter and epicenter would _—Of elastic waves, with velocities roughly _instrumental seismology almost exclu- 
micro- have to be abandoned. Instead, the im the ratio 1.7 to 1. Seismologists desig- _ sively; at least as much space would be 
and a newly developed methods of instrumen- ate the faster waves P (from primae) needed to cover the results of field work. 
id. In tal seismology furnished revised defini- 2nd the slower, S (from secundae). 
ar and tions. They ‘also compelled seismologists Except for their generally low fre- 
n also to consider the time dimension, for the quency of oscillation (long period, great “Instrumental Epicenter” 
new definition of the hypocenter, as we | Wavelength), the P waves are physically 
: shall see, was intimately connected with identical with ordinary sound waves. Earthquakes first studied were those 
which the idea of a specific origin time. They are waves of alternating compres- for which seismologists could locate an 
>ations 
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At first, progress was assisted by the 





The author is professor of seismology at Cali- 
fornia Institute of Technology and a ber of 
the staff of the Seismological Laboratory, Pasa- 
dena, Calif. 
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sion and dilatation, with particle dis- 
placements longitudinal, along a ray. 
Waves of the S type exist only in solids; 
they represent shearing deformatign, 
with particle displacements transverse, 


epicenter from field observations—using 
the center of the most violent shaken 
area or the vicinity of surface fractures. 
Epicentral distance was usually given as 
the angle A at the center of the earth 
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between the radii to the epicenter and 
to the recording station. It developed 
that the times of arrival of a given 
type of elastic waves at the stations for 
any one earthquake depended primarily 
on A: 

t=tot+ f(A) 


where f, is an instant taken as that of 
occurrence of the earthquake, and f(A) 
is a universal function, the same for all 
epicenters and stations, no matter where 
they are located on the earth’s surface. 

This surprising result was confirmed 
with progressively greater accuracy as 
the sensitivity of seismographs and the 
precision of time-keeping improved. For 
normal large earthquakes, the recorded 
times at hundreds of stations, distributed 
all over the world, can be fitted to a 
standard time-distance tab‘e or plotted 
curve. The individual deviations from 
the standard are not usually over 2 sec- 
onds, although even for the fastest waves 
the elapsed times, represented by f(A), 
range up to more than 20 minutes. This, 
of course, depends on making the right 
selection of the epicenter from which 
the distances A are measured; various 
graphical and analytical methods were 
developed for the purpose and applied 
systematically in a huge synoptic publi- 
cation, the International Seismological 
Summary. 

The fact that it is possible to find such 
a satisfactory, instrumentally determined 
epicenter has two important implica- 
tions. First, it shows that the earth has 
a high degree of spherical symmetry. In- 
deed, it is possible to detect and com- 
pensate for the slight flattening of the 
terrestrial spheroid, which amounts to 
only 1 part in 297, Second, there is good 
reason to suppose that in large earth- 
quakes the actual process of fracturing 
goes on for some minutes; yet, an origin 
time t, can be fixed within 1 or 2 sec- 
onds. Further physical explanation is 
needed. This is found in the reasonable 
assumption that fracturing extends itself 
with a speed less than that of elastic 
waves through unfractured rock. This 
being so, the first elastic waves to arrive 
at a distant station must be those which 
originated at the point of initial rupture. 
The “instrumental” epicenter and hypo- 
center represent the position of that 
point; the origin time t, represents the 
instant at which rupture began. 

A further factor of significance in the 
successful use of a single set of time-dis- 
tance tables is the fact that the effect of 
a slight increase in depth of the hypo- 
center is nearly equivalent, so far as dis- 
tant points are concerned, to a slightly 
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Highway offset horizontally by faulting, as indicated by the painted center strip, in Im- 
perial Valley, near Meloland, California, May 1940. [Photograph by J. P. Buwalda. From 
Elementary Seismology] 


earlier origin time. Close distinction is 
possible only when recorded times are 
available for both near and distant sta- 
tions. 


Deep Earthquakes 


In 1922, H. H. Turner published a 
discovery resulting from his work in edit- 
ing the Jnternational Seismological Sum- 
mary. Certain earthquakes, some quite 
large, showed recorded times differing 
systematically from those of the stand- 
ard time-distance tables. In particular, 
the times of arrival at very distant sta- 
tions, in the region of the antipodes of 
the epicenter, were early relative to the 
times of arrival over short epicentral dis- 
tances. These time discrepancies some- 
times amounted to as much as 2 min- 
utes, and the whole phenomenon was 
too systematic to be explained as .due 
to accidental errors. Moreover, careful 
computation showed that these data 
were in good agreement with the ex- 
pected findings for earthquakes with 
hypocentral depths of as much as 600 
or even 700 kilometers. 

This result was not generaily accepted 
at first and began to receive serious at- 
tention only after K. Wadati, in Tokyo, 
published his results, derived independ- 
ently from seismograms written at nu- 
merous stations in Japan, confirming the 
occurrence of deep earthquakes in that 


region. Beginning in 1931, presentation 
of a series of papers by many investi- 
gators settled the question, and standard 
time-distance tables were set up for all 
hypocentral depths (hk) down to 700 
kilometers. We thus have: 


t=tot f(A, h) 


Meanwhile, observations for a large ma- 
jority of recorded earthquakes continued 
to fit the established data for shallow or 
“normal” depth. 

The exploration of this new dimen- 
sionality raised many new questions 
bearing on the nature and mechanism of 
earthquakes. Because of the great pres- 
sures at depths of several hundred kilo- 
meters, theory at first tended to regard 
deep earthquakes as due to some ex- 
plosive process rather than to shearing 
fracture, which is generally supposed to 
be the cause of shallow earthquakes. 
This theory, however, is almost com- 
pletely ruled out by the character of the 
recorded seismograms, which show a 
form of displacement which can origi- 
nate only in shearing fracture. A further 
fascinating question, to which at pres- 
ent there is no completely satisfactory 
answer, is that of why earthquakes occur 
(in certain regions only) down to depths 
of about 700 kilometers and no deeper. 
The problem is sharpened by the fact 
that, although frequency of occurrence 
generally decreases with increasing 
depth, there is a fairly abrupt pinch- 
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ing off at the lowest levels, which vary 
from about 600 to about 700 kilometers 
in depth, according to the region. Some 
of the deepest known shocks were major 
earthquakes. 


Fifth Dimension 


In 1931 the newly established seismo- 
logical laboratory at Pasadena was pre- 
paring to issue regular bulletins on earth- 
quakes in southern California. Since the 
list would include 200 or more earth- 
quakes a year, it was felt that some indi- 
cation was required to distinguish large 
from small disturbances; otherwise mis- 
interpretation might follow, and undue 
alarm be raised. It was hardly practi- 
cable to characterize these earthquakes 
on the basis of perceptibility to persons 
or of other gross effects. Many of the 
epicenters were in almost totally un- 
populated mountain or desert areas, and 
some were off the coast. Often seismo- 
graphs at several stations wrote large 
records of an earthquake which other- 
wise would have passed unnoticed. 

The way out was found in a direction 
already taken by K. Wadati, whose work 
with Japanese deep shocks has been 
cited. For several earthquakes he plotted 
the recorded amplitude of ground mo- 
tion against the corresponding epicentral 
distance A of the recording station. The 
resulting curves were crudely parallel; 
the larger the earthquake, the higher 
the curve appeared on the plot. 

A similar attempt was made at Pasa- 
dena, but the range in recorded ampli- 
tudes was awkwardly large. To get a 
more manageable plot, the logarithms of 
the amplitudes were used. This improved 
the parallelism of the several plotted 
curves and suggested the drawing of a 
representative standard curve, parallel 
in general to any individual curve, which 
therefore would differ in level by a con- 
stant. This constant, characteristic of the 
individual shock, was termed its magni- 
tude, lettered M, and defined in effect 
by 


log A (A) —log Ao (A) =M 

Here A, as a function of A represents 
the standard shock, whose amplitudes ac- 
cordingly correspond to magnitude zero. 
A shock smaller than the standard would 
have a negative magnitude; to obviate 
this, the zero shock was arbitrarily 
chosen as very small, corresponding to 
that from an earthquake at the lowest 
level, recorded with high magnification 
at very short distances. 

For convenience the work was done, 
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not with the true amplitudes of earth dis- 
placement, but with the recorded trace 
amplitudes read directly in millimeters 
on seismograms of the Anderson-Wood 
torsion instruments, then in operation 
at all the stations in southern Cali- 
fornia. These instruments were all de- 
signed to have the same operating pa- 
rameters: free period of the pendulum, 
0.8 seconds; static magnification, 2800; 
damping, slightly less than critical. The 
dynamic magnification should therefore 
be the same for waves of the same period 
and should not greatly affect the deter- 
mination of M. To fix the zero level, a 
shock recorded on the torsion seismo- 
gram with amplitude of 1 millimeter at 
A= 100 kilometers was defined as having 
magnitude 3. 

The whole procedure involves very 
crude assumptions, partially contrary to 
observation. In effect, it is supposed that 
two seismograms recorded at the same 
distance can be derived one from the 
other by merely multiplying all displace- 
ments by a constant. This is not so. Ex- 
perience shows that the frequency dis- 
tribution varies with magnitude; large 
and small earthquakes have appreciably 
different elastic-wave spectra. 

The name magnitude was purposely 
chosen because of analogous use of the 
term in astronomy. The scale of stellar 
magnitudes is also logarithmic, though 
less simply so. In a sense, the astronomi- 
cal scale is reversed: the brighter the 
star, the smaller its magnitude. Other 


familiar logarithmic scales are the deci- 
bel and the pH scale. 

Since only approximate and local usc 
of the magnitude scale was expected, 
there was little concern about the rough- 
ness of the assumptions. There was some 
astonishment when it proved possible to 
assign magnitudes to the nearest half 
unit over the range from 0 to at least 6; 
in other words, instead of crude separa- 
tion into large and small, twelve defi- 
nite levels of magnitude could be dis- 
tinguished. Later work has extended 
observed magnitudes above 8 and has 
made it reasonable to cite them to the 
tenth of a unit. Magnitude thus becomes 
truly quantitative and establishes itself 
as the fifth seismological dimension. 


Magnitudes for Distant Earthquakes 


Success of the magnitude scale in 
California does not guarantee its appli- 
cability to other areas. The variation of 
amplitude with distance can be repre- 
sented by a single function only if the 
hypocentral depth and the constitution 
and structure of the upper part of the 
earth’s crust are nearly constant. In prin- 
ciple, there would be no problem in ex- 
tending the scale to earthquakes in Cali- 
fornia as recorded at great distances, but 
those sufficiently large to write decipher- 
able seismograms in Europe, say, are 
relatively rare. Moreover, the original 
definition ties the scale to the perform- 





Damage due to shaking, near Meloland, California, May 1940. [Photograph by J. P. 
Buwalda. From Elementary Seismology] 
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ance of a particular type of instrument, 
differing (especially in its short pendu- 
lum period) from most of those in use 
abroad. 

Accordingly, the principle of the mag- 
nitude scale was applied to different 
material. Seismographs of the types most 
in use record the maximum of a normal 
shallow teleseism as a train of fairly 
regular waves with period near 20 sec- 
onds. These are surface waves, guided 
along the surface of the earth, with pre- 
vailing period determined by the aver- 
age crustal structure, which acts selec- 
tively to transmit frequencies in the 
range near 3 cycles per minute. Many 
stations report the recorded maximum 
amplitude of earth motion in these waves, 
in microns, as calculated from the known 
parameters of the seismographs used. 
Accordingly, it was possible to plot the 
logarithms of these maxima against dis- 
tance over the earth’s surface and to 
define the magnitude in terms of a mean 
curve. Moreover, it is possible to calcu- 
late the expected curve theoretically; it 
should approximate closely the simple 
type 


log A=atblogA 


This proves to fit the observations well 
at many stations, provided that a proper 
choice is made for the constant charac- 
teristic of the individual station (which 
is an expression of the effect of local 
ground conditions). 

The zero for M could be selected arbi- 
trarily; it was originally set by using 
various means of correlation with the 
California local scale, with the result 
that a shock of magnitude M=7.0 re- 
cords with a maximum amplitude of 100 
microns at a distance of 80° of a great 
circle. 


Magnitudes for Deep Earthquakes 


Theoretically, the surface waves gen- 
erated by a given earthquake should de- 
crease exponentially with increasing 
hypocentral depth. Observation shows 
that deep earthquakes record with very 
small surface waves, even when the rest 
of the seismogram, due to elastic waves 
through the body of the earth, is large. 
Accordingly, any magnitude scale for 
deep shocks must be based on the am- 
plitudes of body waves. Development of 
a scale of this type was accomplished 
by Gutenberg; he first set up such a scale 
for shallow earthquakes whose magni- 
tude M had been determined from sur- 
face waves and then adjusted it to deep 
shocks. Because of the wide range in 
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Origin of the magnitude scale. Data for earthquakes in southern California, January 
1932. The dashed curve represents adapted data for a typical shock. [From Elementary 


Seismology] 


amplitude and period within the body- 
wave groups, it developed that meaning- 
ful results could be obtained only by 
working, not with the recorded ground 
amplitude A, but with the quotient of 
A and the period 7, modifying the defi- 
nition of magnitude so that 


log (A/T) —log (Ao/To) =m 


where m is a new variety of magnitude. 
The quotient A/T is a measure of the 
velocity of the vibrating particle within 
the wave and is consequently related to 
its kinetic energy; this is even more satis- 
factory physically than dealing with the 
amplitude alone. 

For shallow shocks, the quotient 
A,/T, was chosen to make m coincide 
with M near the value 7, in the middle 
of the best observed range of magni- 
tudes. For deep shocks, the effect of 
varying depth on the amplitudes of body 
waves was calculated theoretically; the 
uncertainties of this calculation were on 
the whole less than those generally asso- 
ciated with the determination of mag- 
nitude. The only critical assumption here 
was that the transition is continuous; if 
there is any level at which there is a 
sudden absorption or other loss of 
energy, then correlation between shocks 
originating above and below that level 
is impaired. Shebalin has presented evi- 
dence for such absorption at a depth of 
about 60 kilometers; if substantiated, 
this would imply that magnitudes of 
deep shocks have been somewhat over- 
estimated relative to those of shallow 
ones. 

The magnitudes m proved internally 
consistent and could be assigned with as 


much assurance as the magnitudes M 
from surface waves. However, the two 
scales diverge; between m and M, as de- 
termined for teleseisms, a linear relation 
holds with considerable accuracy: 


M = 1.59m — 3.97, m= 2.5 + 0.63M 


This gives m=M near 6%. 

The two magnitude scales are thus re- 
lated much as the two familiar scales of 
temperature are related; any choice be- 
tween them is obviously a matter of con- 
venience and of experience in use. Ini- 
tially Gutenberg invariably reduced m to 
M, and results were published in that 
form. However, during work on a col- 
laborative revision of magnitudes and of 
the magnitude-energy relation, under- 
taken with me, he abruptly reversed his 
position. The scale m has certain ad- 
vantages; in theory, it is more simply 
related to earthquake energy than the 
scale M. Accordingly, in joint publica- 
tion it was suggested that m be made the 
basis where energy calculations are in- 
volved—or, still better, that results be 
stated directly in terms of energy in ergs. 
To reduce the use of exponents, Sheba- 
lin has suggested employing a quantity 
E’, which is the logarithm of the cal- 
culated energy when expressed in mega- 
joules (units of 101% ergs). 

Since much work had been done and 
since many workers continued to deter- 
mine and report magnitudes in terms of 
the M scale, there was objection to what 
appears to be an unnecessary change. 
With this I must agree, for the present 
at least. There is nothing wrong with 
either the m or the M scale for tele- 
seisms; both are solidly established, and 
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their mutual relation is well determined. 
However, neither can now be related 
definitively to the values of magnitude 
as determined by the original method 
for California local shocks. Such magni- 
tudes necessarily are still determined and 
reported on the old basis. Until such 
time (probably not more than a few 
years in the future) as the local scale 
can either be replaced by, or used to 
adjust, the teleseism scales, I feel that 
any general use of the m scale can only 
lead to errors, and make it more difficult 
to deal with the objections raised to the 
magnitude scale as such, which usually 
are based on misinformation. 

Karnik at Prague has lately made an 
earnest effort to base a scale for earth- 
quakes at short distances on the quotient 
A/T, thus making such a scale continu- 
ous with the m scale. The test of this 
method will require further observations 
in the future, in order to establish that 
it does not constitute a fourth new scale, 
divergent from the other three. 


Applications of the Magnitude Scale 


It is often taken for granted that the 
only purpose of the magnitude scale is 
the calculation of earthquake energy, 
and this leads repeatedly to proposals to 
replace it by an absolutely defined scale 
like Shebalin’s E’, This is a misunder- 
standing; the original purpose, both sim- 
pler and more easily fulfilled, was to 
combat nonsensical errors in compiling 
statistics of earthquakes and in studying 
the geography of earthquakes and earth- 
quake risk. 

A quantitative result, independent of 
energy calculations, is the finding of 


Table 1. Approximate annual frequency 
of earthquakes with respect to magnitude, 
throughout the world. 





Number 


Magnitude 
9.0 or over 0 
8.0-8.9 2+ 
7.0-7.9 18 
6.0 - 6.9 150 
5.0—5.9 800 
4.0-4.9 6,200 
49,000 


RU= 5.5 


rather regular decrease in the frequency 
of earthquake occurrence with increasing 
magnitude. If we define N(M) as the 
number of earthquakes of magnitude M 
or greater per unit time (usually per 
year) in a specified region, or even for 
the whole world, then to a fair approxi- 
mation 


log N=A-BM 

For a large area in southern Califor- 
nia, A=4.8, B=0.9; these data are de- 
rived from statistics of shocks with M 
ranging from 2.5 to 6. For the world, 
we may use A = 8, B= 1. However, earth- 
quakes of the larger magnitudes are rela- 
tively less frequent than the simple rela- 
tionship would indicate. Gutenberg has 
lately found results equivalent to A =9.1, 
B=1.1, for magnitudes of 7 and over. 
Approximate annual frequencies for the 
world are given in Table 1. The data 
for lower magnitudes are extrapolated 
from statistics for small areas. The total 
number of shocks in excess of magnitude 
2.5 must be well over 150,000, and if 
very small shocks are counted, a million 
a year is a reasonable estimate of the 
total number. 

In the preinstrumental period of seis- 








Rays and wave fronts for longitudinal waves within the earth from a source at the left. 
Time in minutes. (Gutenberg and Richter, 1939.) [From Elementary Seismology] 
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mology, the supposed facts about the 
geographical occurrence of earthquakes 
were distorted, to a degree then unsus- 
pected, by the dependence of informa- 
tion on population. Many early maps of 
seismicity showed concentration in iso- 
lated spots surrounding the oldest es- 
tablished centers of culture. There 
was astonishment when the first results 
of world-wide instrumental recording 
showed a majority of large earthquakes 
occurring under the sea, and many in 
remote regions of the continents. Even 
data on instrumentally determined epi- 
centers can be misleading if no attention 
is paid to magnitude; thus, maps show- 
ing epicenters taken from the Interna- 
tional Summary gave an utterly false 
impression of high seismicity in Europe. 
The apparent concentration of earth- 
quake locations in that region is due 
merely to a concentration of recording 
stations. 

When deep-focus earthquakes were 
first investigated, it appeared that even 
in the International Summary some 
gross errors in location had resulted from 
mistaking deep shocks for shallow. In 
order to derive reasonably acceptable 
geographical information, it proved nec- 
essary to revise the entire corpus of 
located epicenters, determine magni- 
tudes wherever possible, and construct 
maps accordingly. 

Eighty percent of large earthquakes, 
and at least as large a proportion of 
small ones, occur in a wide belt sur- 
rounding the Pacific, with branches ex- 
tending into the East and West Indies. 
Most of the remainder are included in 
another belt extending across Asia and 
through the Mediterranean region of 
Europe. Other active belts extend 
through the seas; an important one fol- 
lows the Mid-Atlantic Ridge. 

Earthquakes are classified by hypo- 
central depth into shallow (down to 60 
kilometers below the surface), interme- 
diate (70 to 300 kilometers), and deep 
(300 to 700 kilometers). No shocks are 
known to occur at depths greater than 
about 720 kilometers. ‘Intermediate 
earthquakes occur in belts that follow 
in general the course of the shallow 
earthquake zones, but with deviation or 
displacement of 100 or 200 kilometers 
horizontally. They tend to follow lines 
of active volcanoes. Though most of 
them occur around the Pacific, they are 
common in the trans-Asiatic belt. Un- 
der the Hindu Kush in central Asia 
there is the most remarkably persistent 
earthquake source in the world; at a 
depth near 220 kilometers, in a volume 
not over 20 kilometers in diameter, 
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nearly 100 earthquakes with magnitudes 
from 5 to 7 have occurred in 50 years. 

Until 1954, shocks at depths of more 
than 300 kilometers were known only 
from the Pacific region; but on 29 March 
1954 an earthquake of magnitude 7 took 
place at a depth of 640 kilometers under 
southern Spain. 

Applicability of the magnitude scale 
to estimation of earthquake risk is evi- 
dent. Considerations of magnitude are 
highly important in regions, such as Cali- 
fornia and parts of the U.S.S.R., where 
population and industrialization are now 
expanding into areas previously. unoccu- 
pied, some of them near known earth- 
quake sources. Past records of shaking in 
the older, populated centers are here in- 
sufficient. Instrumental records, as well 
as geological field evidence, must be em- 
ployed in estimating risk. Thus, in the 
California region an earthquake of mag- 
nitude between 6 and 6% occurs on the 
average every year or two. Most of these 
have hitherto affected thinly populated 
districts. The few originating close to the 
towns have been severely damaging, like 
the earthquake at Santa Barbara in 1925, 
or locally disastrous, like the Long 
Beach earthquake of 1933. Every Cali- 
fornia community has to consider the 
possibility of such an event in its im- 





mediate area. This is the more constant 
and easily evaluated risk; there is also 
the continually impending probability 
of a really great earthquake, of magni- 
tude over 8, like the “ 
earthquake of 1906 (equally great shocks 
1857 and 


San Francisco” 
occurred in California in 
1872). 

Present uncertainties in relating energy 
to magnitude are occasionally misap- 
plied to make the magnitude scale ap- 
pear somehow speculative. It is not 
speculation but cold fact that seismo- 
grams written in Europe for the 1906 
earthquake were about 100 times as large 
as those for the 1933 Long Beach shock; 
it is also fact that they were over three 
times as large as those for the July 1952 
earthquake in Kern County, while the 
earthquake that did damage at Bakers- 
field in the following month (of magni- 
tude 5.8) was barely recorded in Europe. 


Magnitude and Intensity 


The magnitude scale supplements, but 
by no means replaces, the older intensity 
scales which apply to effects observed in 
the field. The Rossi-Forel scale of ten 
grades, long in use as an international 


standard, has now been replaced by sev- 


eral approximately equivalent versions 
of Mercalli’s intensity scale, with twelve 
grades. 

The grades of the intensity scale do 
not represent measurement and are not 
primarily defined in physical terms, 


They are purely descriptive and are or- 
dinarily assigned Roman numerals to 
discourage treating the scale degrees as 
measured quantities. For example, in- 
tensity I means that the shaking was 
generally not perceptible to persons; II, 
that it was barely felt; IV, that it was 
strong enough to rattle windows and 
dishes; VII, that it was sufficient to 
cause general damage to weak construc- 
tion; XII (the highest grade), that arti- 
ficial structures were almost totally de- 
stroyed, with violence sufficient to hurl 
stones out of their seats and posts from 
their’ holes. The various levels are de- 
scribed in considerable detail. 

The relationship between earthquake 
intensity and magnitude is one familiar 
in all branches of physics where radia- 
tions are observed. It is the same as that 
between the illumination seen on a sur- 
face and the candle power of the light 
source, or as that between the signal 
strength on a particular radio receiver 
and the power of the transmitting sta- 
tion, 
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This extremely simple matter has 
been received with a surprising degree of 
misunderstanding and objection. There 
seems to be gross popular ignorance 
about the nature of an earthquake; its 
relation to radiation is not grasped, and 
there appears to be a subconscious idea 
on the part of many people that an 
earthquake shakes a whole area with 
equal violence. Work preliminary to 
formulation of the magnitude scale 
showed that actual ground motion drops 
to about 10 percent at a distance of 40 
kilometers (or 25 miles) from the epi- 
center; the statement of this fact is often 
received with astonishment. Even sceis- 
mologists often overlook the rapid de- 
crease with distance and overestimate 
the magnitudes of large earthquakes 
whose epicenters are nearer to the seis- 
mological stations than is usually the 
case. 

Engineers, accustomed to using the in- 
tensity scale, have been puzzled by the 
use of magnitudes. We are often asked 
why we use both magnitude and inten- 
sity scales, and whether use of a single 
scale would not be better; such a ques- 
tion ignores the fact that two different 
objectives are involved. Objections are 
sometimes based on the idea that magni- 
tude represents a calculated energy; this 
is the reverse of the actual 
Complaints of 


procedure. 


“confusion” often are 


heard, sometimes coming from those who 


have been using intensity ratings as if 
they were magnitudes, thus really con- 
fusing their own thinking. 


Magnitude and Energy 


It is evident that magnitude should 
be at least a rough indication of the total 
energy radiated from the earthquake 
source in the form of elastic waves. Evi- 
dently this is less than the potential 
energy of elastic strain stored in the rock 
prior to the erthquake; some energy 
must be dissipated as heat, some must 
go into crushing and deformation, and 
some, in many earthquakes, is expended 
in raising crustal blocks against gravity. 

If the crude assumptions implicit in 
the magnitude scale were valid, so that 
all seismograms written at a specified 
distance could be derived from each 
other by applying constant multipliers 
to the whole motion, then the radiated 
energy should vary as the square of the 
recorded amplitude, and we should find 
that 


log E=A+2M 


where E is the radiated energy and A 
is a constant. 

Actually, the seismic spectrum changes 
with increasing magnitude; the larger 
the earthquake, the more likely it is that 
the largest deflection on the seismogram 


is due to a long-period wave carrying a 
disproportionately small fraction of the 
energy. Such a recorded wave will. raise 
the magnitude; hence, if the energy- 
magnitude relation is in the general 


linear form 


log E=A+BM 


the coefficient B should be less than 2. 

In working with teleseisms, compari- 
son of body waves and surface waves 
shows that, with increasing magnitude, 
the surface waves of 20-second period 
increase relatively to the body waves, as 
is shown by the relation between m and 
M. Again the coefficient B must be less 
than 2. Gutenberg has set up the relation 


log E=5.8+ 2.4m 


which is equivalent to 


log E=11.4+1.5M 


This is an extremely rough relationship, 
but good enough for many approximate 
calculations. It shows, for example, that 
the energy radiated in the largest earth- 
quakes is of the order of 1074 ergs. Com- 
bined with the statistical magnitude-fre- 
quency relation, it shows that nearly ali 
the annual release of seismic energy oc- 
curs in earthquakes of magnitude 7 and 
over; smaller shocks are not sufficiently 


frequent to contribute more than an in- 
significant fraction. 
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Magnitude, Strain Release, and 
Earthquake Mechanics 


Hugo Benioff has applied the magni- 
tude scale to a systematic investigation 
of the succession of aftershocks which 
follow almost every important earth- 
quake. A great earthquake represents a 
readjustment of local strains, involving 
release of potential energy over dis- 
tances of the order of a hundred miles 
or even more. The principal fracturing 
runs its course in a minute or two, but 
it is an obvious impossibility for large 
blocks of the earth’s crust to readjust 
completely in so short a time. The re- 
adjustment continues over a period of 
hours, days, or months, by a process 
closely allied to what is known in testing 
laboratories as elastic afterworking. The 
process is not continuous, because of the 
frictional resistance to displacement 
along the original line of fracture; local 
strains due to afterworking must rise to 
a certain threshold level before the origi- 
nal displacements can continue. The 
magnitude scale makes it possible to esti- 
mate the strain released in each minor 
event and to plot the strain release 
against time. In this way curves are ob- 
tained analogous to those observed in 
laboratory specimens. It is possible to 
estimate the maximum magnitude of an 
expectable aftershock during the process 
of any given sequence, and to decide 
whether a large following shock is a true 
aftershock or represents the beginning of 
a new event. 

Markus Bath has found that in many 


aftershock sequences the largest after- 
shock has a magnitude about 1.2: units 
lower than that of the principal shock. 
Deviations from this occur in identifi- 
ably abnormal sequences, usually char- 
acteristic of particular regions. Such se- 
quences include earthquake “swarms” 
such as are common in the region of 
Imperial Valley, California—sequences 
of earthquakes, small and large, with no 
one outstanding principal shock. Such 
swarms appear to be commonest in areas 
of structural complexity, where the crust 
is broken up into blocks of compara- 
tively small size. Earthquake swarms 





are common in volcanic regions, espe- 
cially in association with eruptions; here 
the fundamental mechanism is of an- 
other sort, attributable to subterranean 
movements of molten rock. 

It was noted that small shocks con- 
tribute relatively little to energy release. 
In terms of strain release, the relation- 
ship is less definite; thus, the strain re- 
leased in a series of aftershocks may be 
comparable to that occasioned by the 
main shock. This is due to the fact that 
strain release increases with the square 
root of the energy. Benioff has pointed 
out that, on this basis, small earthquakes 
may operate to delay or inhibit the ac- 
cumulation of a major strain and so act 
to postpone a large earthquake. How- 
ever, once a large strain has actually ac- 
cumulated, the “square” factor comes 
inte play; a major strain can be released 
only in a major earthquake, or in a 
great number of small shocks that greatly 
exceed in frequency those normally ob- 


On “The New Cell Theory” 


Two Soviet authors critically review recent 
Soviet work on the origin of the cell. 


L. N. Zhinkin and V. P. Mikhailov 


The discovery of the cell and the for- 
mulation of the cell theory were consid- 
ered by F. Engels to constitute one of 
the most important stages in the develop- 
ment of natural science. Since the time 
of the creation of the cell theory, more 
than a century has passed. During that 
period the cell theory, constituting one 
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of the fundamental elements in contem- 
porary biology, has had its meaning in- 
tensified and enriched by a mass of new 
facts. 

Quite recently the cell doctrine has 
been subjected to radical revision by 
O. B. Lepeshinskaya, who, on the basis 
of her own experimental findings, has 





served in a given seismic region. The 
idea, born chiefly of wishful thinking, 
that small earthquakes may act as a 
“safety valve” is thus justifiable only in 
a restricted way and should not be al- 
lowed to affect deliberations in connec- 
tion with precautionary measures and 
regulations. 
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built up a “new dialectic-materialist 
cell theory,” in which it is asserted that 
every cell develops from living substance. 

The views of O. B. Lepeshinskaya re- 
ceived complete approval at the confer- 
ence on the problem of living substance 
and cell development of the Division of 
Biological Sciences of the Academy of 
Sciences of the U.S.S.R., held 22-24 
May 1950. The conference carried a 
resolution in which it was affirmed that 
“the works of O. B. Lepeshinskaya and 
her co-workers opened a wide avenue for 
the investigation of acellular forms of 
life and the most delicate processes of 
cell development within and outside the 
organism. . . . The conceptions developed 
by O. B. Lepeshinskaya must be widely 
publicized and must be used to the ut- 
most advantage in the practice of medi- 
cine and agriculture” (1). By a decision 
of the Presidium of the Academy of 
Medical Sciences of the U.S.S.R. of 14 
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May 1950, revision of the timetables of 
higher educational establishments and 
of the contents of textbooks in the light 
of the “new cell theory” was foreshad- 
owed. The findings of O. B. Lepeshin- 
skaya, as if proved absolutely, were 
explained in a number of books and 
brochures, They were inserted in higher 
education textbooks on biology, histol- 
ogy, and cytology, and in the school text- 
book, Essentials of Darwinism. Special 
works were devoted to explanation of 
the philosophical significance of the 
“new cell theory.” 

It should be mentioned that from 1950 
the development of the “new cell the- 
ory” was proceeding in the unhealthy 
atmosphere of excessive general adula- 
tion. The theory as a whole was not 
assessed critically. There was no expert 
discussion of questions of cytology. More 
than this, all who earlier had come for- 
ward with criticism of the views of O. B. 
Lepeshinskaya were reckoned among the 
reactionaries in science, among the meta- 
physicists, idealists, and so on. And so 
it was forgotten that no science can de- 
velop without conflict of opinion, and 
that critical appraisal of the views ad- 
vanced by O. B. Lepeshinskaya was the 
more necessary in that her findings con- 
tradicted a great many well-established 
facts which were almost completely 
ignored by her and her commentators. 

Recently a number of works have been 
published describing the results of con- 
trol examinations of the experimental 
material of O. B. Lepeshinskaya and 
her co-workers. An analysis of these 
works is very essential to an assessment 
of the theory as a whole. It is exactly 
such an analysis that we shall try to 
make in this article. 


Chick Embryos 


In her study of the development of 
the chick embryo, O. B. Lepeshinskaya 
described the development of entoder- 
mal cells and blood islands from the yolk 
spheres (2, 3). The formation of crystal- 
like structures which, through a number 
of stages, became reorganized into “true 
living cells,” was described by O. B. 
Lepeshinskaya in cultures of the white of 
hen egg (4). Recently certain facts have 
emerged which compel the belief that 
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these descriptions of the formation of 
cells from the yolk and white of hen 
egg are erroneous. V. N. Orekhovitch, 
M. I. Leviant, and T. P. Levchuk-Ku- 
rokhtina have published the results of 
their work with the inclusion of labeled 
amino acids in the proteins of the albu- 
minous envelope and yolk of the incu- 
bated hen egg (5). They demonstrated 
quite convincingly that in the process of 
incubation of the fertilized hen egg and 
of embryo development, no new regen- 
eration of the proteins of the albuminous 
envelope and yolk occurs. The labeled 
amino acids were, however, observed in 
the albuminous envelope and yolk of the 
egg, when they were introduced into the 
body of the hen while still carrying the 
egg, that is, at the time when it was 
being formed in the egg tube. On the 
basis of their findings that, during the 
period of incubation, dynamic exchange 
between the proteins of the albuminous 
envelope, the embryonic disc, and the 
yolk is absent, the authors drew the con- 
clusion that “the hypothesis on the pos- 
sibility of the development of cell ele- 
ments from the white and yolk of hen 
egg would appear to be improbable” (5, 
p. 612). A direct reexamination of O. B. 
Lepeshinskaya’s data on the develop- 
ment of cells from the yolk spheres has 
been carried out by A. G. Knorre by 
various cytological and_ histochemical 
methods and by ultraviolet microscopy. 
According to his findings, “the yellow 
and white yolk spheres of the hen egg 
are not moner-like living structures, and 
are not transformed into cells” (6). 

A reexamination of these experiments 
of O. B. Lepeshinskaya was carried out 
over a period of two years at the Bio- 
logical Institute of the Academy of Sci- 
ences in Czechoslovakia. The Czechoslo- 
vak scientists “carefully reproduced the 
conditions of the experiment as described 
by O. B. Lepeshinskaya, but were only 
able to follow differentiation in the yolk 
to the stage of yolk spheres, while in no 
single instance was the formation of cells 
from the spheres observed” (7). 


Blood Plasma 


M. G. Kritsman, A. S. Konikova, and 
Ts. D. Osipenko, employing the method 
of labeled amino acid incorporation, ob- 
served vital regeneration of the proteins 
in blood plasma freed from cells (8). 
These data were used by adherents of 
the “new cell theory” as confirmation 
that the blood plasma is one of the vari- 
ants of the acellular living substance. 

On the strength of these data, M. D. 


Skobel’skii, working in the laboratory of 
O. B. Lepeshinskaya, investigated the 
progress of visible structural changes in 
the celi-free plasma of the hen. He de- 
scribed peculiar structures (“plasmo- 
spheres”) which were formed in the 
plasma during incubation (9). The 
“plasmospheres,” in the view of M. D. 
Skobel’skii, should be regarded as “rep- 
resentatives of the living world.” O. B. 
Lepeshinskaya considered that the “plas- 
mospheres” represented cells being 
formed from the living substance of the 
plasma (0, p. 15). 

A reexamination of the findings of M. 
G. Kritsman, A. S. Konikova, and Ts. D. 
Osipenko was carried out by V. N. Ore- 
khovitch, T. P. Kurokhtina, and N. D. 
Buianova with labeled amino acids; this 
demonstrated that, under sterile condi- 
tions, vital regeneration of the proteins 
of incubated plasma did not occur (//). 
In other words, in the plasma there is 
no metabolic exchange, and to regard it 
as the representative of living substance 
is impossible. 

A check of M. D. Skobel’skii’s data 
was made by G. N. Voronin and V. P. 
Mikhailov (12). They confirmed that 
“plasmospheres” are formed in hen 
blood plasma during incubation. But, ac- 
cording to their findings (the work was 
carried out in consultation with the crys- 
tallography specialist, S. M. Ansheles), 
the “plasmospheres” were radially ar- 
ranged aggregates of acicular crystals 
(spheroliths), the process of formation 
and growth of which proceeds in exactly 
the same way as has been established for 
all crystals. “There is little serious evi- 
dence on which it is possible to approxi- 
mate ‘plasmospheres’ to ‘representatives 
of the living world, and none to justify 
regarding them as ‘cell-like structures,’ 
still less as cells” (12, p. 631). 


Hydras 


O. B. Lepeshinskaya’s experiments 
with mutilated hydras played a very im- 
portant part in the creation of the “new 
cell theory.” A repetition of these ex- 
periments was carried out by V. E. 
Kozlov and P. V. Makarov (13). In the 
course of the investigation on mutilated, 
living hydras, the appearances which 
were regarded by O. B. Lepeshinskaya as 
constituting the new formation of cells 
and their subsequent conversion into cell 
conglomerates (moruloid stage) were 
reproduced. Essentially the same result, 
however, was obtained by these investi- 
gators with ground, fixed hydras. Con- 
sequently there are no grounds for speak- 
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ing of the isolation from hydras of living 
substance and its subsequent transfor- 
mation. In no single one of the experi- 
ments was anything resembling cells ob- 
served, and the authors speak rather of 
progressive in the spherical 
structures, their shriveling, vacuoliza- 
tion, and so forth (73, pp. 58, 59). The 
authors conclude that the plastic proc- 
esses observed by O. B. Lepeshinskaya 
and by them in the substance separated 
from the hydras were in the category not 
of biological but of physicochemical 
processes. A repetition of the Lepeshin- 
skaya experiments on the formation of 
cells from mutilated “living substance” 
of the hydra was also made in Czecho- 
slovakia in the laboratory of F. Grechik, 
and gave negative results (7, p. 1433). 


changes 


Sturgeon Eggs 


According to O, B. Lepeshinskaya, the 
eggs of the sturgeon during the period 
of their maturation lose the nucleus, 
which later is again formed afresh from 
the cytoplasmic granules. The ova with- 
out nuclei pass through a stage of acel- 
lular structure; the process of formation 
of the female pronucleus, as represented 
by the author, reflects stages in the phy- 
logenetic development of the cell from 
the acellular living substance. These ob- 
servations of O. B. Lepeshinskaya were 
carefully reexamined by B. N. Kazanskii 
(14) and by T. I. Faleeva (15). The 
latter showed that, in the egg cells of 
the stellated sturgeon and the sturgeon, 
the nucleus, in one of its own several 
stages, is present at all periods of their 
development. Every roe was examined 
by her in a series of more than 200 sec- 
tions, 7 mu in thickness, and only in one 
or two of them was the nucleus observed 
to be of small size. 

B. N. Kazanskii, who made a detailed 
examination of the processes of egg cell 
maturation, ovulation, and fertilization 
in sturgeon, showed that the nuclei in 
the ovocytes maintain their line through- 
out the period of maturation. 

The investigations of B. N. Kazanskii 
and of T. I. Faleeva have revealed an 


error on the part of O. B. Lepeshinskaya 
(16, 17). 


Connective Tissue Cells 


The new formation of connective tis- 
sue cells from acellular living substance 
(with a fine granularity, formed as a re- 
sult of the breakdown of rich cells 
which have phagocytized “blood granu- 
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lar substance”) was described by O.-B. 
Lepeshinskaya in relation to the healing 
of skin wounds in mice (3). Developing 
her hypothesis, L. V. Polezhaev tried to 
prove that the cells of the regenerated 
blastema arose without mitotic or ami- 
totic multiplication, as a result of ac- 
cumulation from undifferentiated tissues 
and by neoformation from acellular liv- 
ing substance in the region of the 
wound (/8). It must be emphasized that 
the descriptions by O. B. Lepeshin- 
skaya are by no means convincing. She 
saw, in fixed, stained preparations, in a 
microscope field, granules of various 
sizes, some sort of degenerating cells, and 
cells of lymphocyte type. Such pictures 
[for example, Fig. 24, Table 29, of her 
monograph (3)] will convince no one 
that here a process of cell formation is 
actually taking place. With considerable 
justification they could be regarded as 
various stages in a process of cell break- 
down. O. B. Lepeshinskaya understands 
this excellently herself. It is for this 
reason that she cautiously writes that the 
conclusion as to the development of con- 
nective tissue cells in the wound from 
acellular been 
formed by her as a hypothesis, based on 
indirect considerations (findings on the 
formation of cells 


living substance has 


from cytoplasmic 
spherules separated from disrupted cells 
of the hydra; a sharp increase in the 
number of cells in an inflammatory focus 
unaccompanied by any significant num- 
ber of mitotic figures). 

“Such a hypothesis,” she writes, “must 
be put forward in view of certain facts 
known to us, and we must try by all the 
most modern investigational means to 
confirm it” (3, p. 169). Ultimately, with- 
out carrying out the supplementary ex- 
periments which she had mentioned, 
O. B. Lepeshinskaya altered this cautious 
formulation to a categorical statement 
(785; pi133);. 

The findings of L. V. Polezhaev were 
reexamined by V. P. Mikhailov (20), 
who showed that in the regeneration 
blastema which formed after removal of 
the tail of a tadpole (L. V. Polezhaev 
had worked with tadpoles) there were 
numerous mitoses at all stages of the re- 
generation. In the fibrin covering the 
stump, degenerating elements and gran- 
ules of varying size could be seen to- 
gether with cells of normal appearance. 
All these elements can, at will, be ar- 
ranged in an unbroken series. To reach 
the conclusion, however, on the basis of 
the appearances observed (in exactly 
the same way as in the case of the ap- 
pearances described by O. B. Lep>- 
shinskaya during regeneration of the skin 





in mice), that in such a case the devel- 
opment of cells from living substance of 
acellular structure is going on, is hardly 
possible. From an analysis of the data 
of O. B. Lepeshinskaya and L. V. Pole- 
zhaev, it is right to reach the conclusion 
that “as yet there are no convincing 
proofs of the neoformation of cells, dur- 
ing regeneration, from acellular living 
substance” (20, p. 55). 

N. N. Anichkov, Iu. M. Zhabotinskii, 
and T. A. Sinitsina made a special study 
of the process of origin of cells and fibers 
in rabbits in the course of aseptic in- 
flammation (2/). The work was carried 
out, just as was that of O. B. Lepeshin- 
skaya, on the regeneration of the skin, 
with fixed material. The authors “failed 
to obtain any clear proofs or evidence in 
favor of the origin of any types of cell 
elements from any extracellular forma- 
tions” (21, p. 42). They emphasized 
that the ordinary current methods of 
cytological examination of fixed prepara- 
tions were unsuitable for the solution of 
this problem. 


Conclusion 


Thus, the basic material underlying 
the “new cell theory” does not stand re- 
examination. The “new cell theory” is 
not founded on solid, firmly established 
facts and, consequently, does not reflect 
any laws actually existing in nature. The 
hypotheses advanced by O. B. Lepeshin- 
skaya can only claim to depict the per- 
sonal, subjective views of her and her 
supporters. 

We have been obliged to come to this 
conclusion despite the fact that in 1950 
a number of authoritative scientists ac- 
knowledged the factual material on 
which the “new cell theory” was based 
as authentic. 

From lack of space we cannot dwell 
on the numerous works published since 
1950, the authors of which were endeav- 
oring, with different types of experimen- 
tal material, to demonstrate the develop- 
ment of cells from acellular living 
substance. This has been done by us to 
a certain extent in another paper. Some 
of these works have been executed at 
an unusually low technical level. The 
authors, starting with a preconception, 
arbitrarily treat the various visible stages 
in the process of cell breakdown in fixed 
and stained preparations as stages in 
their new formation. In most works the 
conclusion on the development of the 
particular type of cell from acellular 
living substance is drawn with reserva- 
tions, and in conjectural form (“appar- 
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f 
y The following excerpt from the Soviet Monitor of 4 June 1950 is pertinent as background information. The English 
a translation is reprinted, with permission, from Occasional Pamphlet No. 10 of the Society for Freedom in Science, 
dated November 1950. For the work described here, Professor Lepeshinskaya received a Stalin prize, first class. 
n 
g New Research Work on the Origin of the Cell 
t- 
8 Olga Lepeshinskaya, professor of biology, is conducting interesting research on how the cell originated from living 
i matter and on the part played by such matter in the organism. This research work of the Soviet scientist marks a new 
ly stage in providing a materialist theory of the cell and opens up broad prospects for establishing the principal laws of 
rs the organic world. 
ns Lepeshinskaya has succeeded in proving that the formation of new cells in the living organism occurs not only 
od through multiplication of cells themselves but also through their development directly from so-called noncellular 
n- matter, which is always present in the organism. 
n, A few days ago Professor Lepeshinskaya reported on her work at a conference at the U.S.S.R. Academy of Sciences. 
ed She proved the possibility of the development of biological organisms and cells from the nonstructural albumen of eggs 
in of various birds. This research proved that egg albumen is not merely a lifeless nourishing medium, but living matter 
- capable of developing and forming cells. 
ni The work carried out by Professor Lepeshinskaya and her colleagues has introduced many new elements into the 
a study of the properties of living matter and has evoked the lively interest, and earned the acclamation, of prominent 
ric Soviet scientists who have noted the great significance of these researches for biology and medicine. 
of Thus Academician Trofim Lysenko said that the data obtained by Professor Lepeshinskaya in studying the origin 
and development of the cells of living matter constituted a major contribution to the development of the theory of 
Soviet Michurin biology. They help to gain a correct understanding of the phenomena of new formations in the organic 
world, to comprehend and to explain the emergence of new kinds of organisms within the old species. 
Professor Lepeshinskaya’s work was also highly assessed by Academicians Alexander Oparin, Evgeni Pavlovsky, 
i Alexei Speransky, Nikolai Anichkov, and others. The conference recommended Soviet biologists, agrobiologists, and 
%. medical workers to start wide-scale research in the field of the development of living matter and its noncellular form 
< and to utilize in medicine and agriculture the results achieved by Professor Olga Lepeshinskaya and her colleagues. 
hed 
lect 
The 
hin- 
a ently,’ “produces the impression,” “it | a comparison of the cells of algae and NN. G. Khlopin, who published a criti- 
can possibly be assumed,” and so forth). those of the higher plants). Moreover, cism of the views of O. B. Lepeshinskaya 
this Undoubtedly life arose in the earth in as a result of this evolution, structures in 1939, drew attention to this point 
950 some simple form and cells were formed of a higher order (various symplasts, (17). Despite the fact that these authors 
oe. as a result of a long process of evolution. ‘complex systems of cells and acellular had not at their disposal any factual ma- 
“a The problem of the evolutionary devel- material combined with them) are terial by which to check O. B. Lepe- 
mr opment of the cell is by no means anew _ formed in the body of multicellular or- _—shinskaya’s findings, their criticisms and 
one. It has already been broadly stated ganisms. Obviously, in the complex, general appraisal of the “new cell the- 
= by the well-known protagonist of Dar- complete organism with its nervous in- ory” were, in our opinion, fundamentally 
dial winism, Ernst Haeckel. Its great impor- tegration the cells are not independent justified. 
Lei tance was excellently understood by the elements, as Virchow and Fervon repre- F, Engels, speaking of natural philoso- 
eal leading Russian scientists in the *70’s of sented them to be. From all this, how- phy, pointed out that it “substituted links 
slop the last century. A. E. Golubev, a pro- ever, it does not follow that the process, fashioned of ideas and fantasy for the 
iving fessor at Kazan University and at the accomplished formerly, of the develop- true, but still unknown, connections be- 
on Petersburg Medicosurgical Academy, ment of cells from the primitive living tween phenomena, and replaced inade- 
‘sail starting from the evolutionary hypotheses _ substance is still being effected among quate facts by inventions, filling the ac- 
il developed by Haeckel and his own ex- the representatives of the animals and tual gaps only in imagination” (23). 
The perimental findings, had stated already plants, and that every cell, in the course The “new cell theory” is a classic ex- 
ation, in 1874 that “the study of the properties of its own development, must pass ample of natural philosophy teaching 
tages of protoplasm at its various levels of de- through the infinitely remote acellular (24). 
fixed velopment is a matter of prime impor- living substance stage. This, however, is 
aa tance. Unfortunately, our knowledge in what O. B. Lepeshinskaya has _postu- References and Notes 
ae this respect is extremely scanty” (22, lated, not on grounds of firmly estab- 1, Coujeiiine ‘ek: ta Prolteas. a Listes wae: 
p. 8). lished facts, but on speculative hypoth- stance and the Development of Cells, 22-24 
f the bs A : ; F we kesa May 1950. Stenographic Report (Academy of 
Shull It is certain that, once formed, cells eses, linked with a quite primitive under- Sciences U.S.$.R., Moscow, 1951), p. 177. 
nel have traveled a long path of evolutionary standing of biogenetic law. 2. poi | a a —— Sacer 
pare development (this can be seen even in A. A. Zavarzin, D, N. Nasonov, and 1. The formation of cells and blood islands 
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of Primates 


The application of new culture and cytological 


techniques should help solve some puzzles of evolution. 


Michael A. Bender and Lawrence E. Mettler 


Although the evolution of the primates 
is a subject which has long interested biol- 
ogists, it is only relatively recently that 
any attempt has been made to determine 
their relationships through a study of 
their chromosomes. The main reason for 
this situation is the notorious difficulty 
of studying mammalian material, which 
is amply illustrated by the long dispute 
over the chromosome number of man. 
It is difficult to make accurate counts 
by means of the standard techniques of 
sectioning or by making smears of tissue 
removed at necropsy, while to obtain 
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detailed karyotypes from such material 
is virtually impossible. 

The recent development of new tech- 
niques for the culture of diploid somatic 
cells in monolayers on glass surfaces, as 
well as the development of new cyto- 
logical techniques, has made it possible 
to determine not only the chromosome 
numbers but also the chromosome mor- 
phology of a great variety of animals 
which have not been previously studied. 
Making use of such techniques, Hsu (/) 
and Tjio and Levan (2) have published 
detailed karyotypes of man, while Chu 
and Giles (3) have recently published 
chromosome counts for five genera of 
catarrhine or Old World monkeys. Only 
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one count for a platyrrhine or New 
World monkey is available (4), and so 
far as we know there have been no counts 
reported for any prosimian primate. 

Karyotype analyses of other groups of 
animals and of plants, such as those of 
Patterson and Stone (5) on the genus 
Drosophila and those of Babcock (6) on 
the genus Crepis, have been extremely 
successful in elucidating the evolution of 
these groups. Within the order Primates 
there exist many cases in which the clas- 
sical anatomical approach has been un- 
able to clarify relationships. An example 
is the quandary in which taxonomists find 
themselves when attempting to classify 
the genus Callimico. Various authors 
have assigned this genus to the family 
Cebidae or to the family Hapalidae, or 
have erected a new family, Calimicon- 
idae, to contain it. With the hope that 
a cytological survey might clear up such 
puzzles, we have undertaken to investi- 
gate the order Primates, paying special 
attention at present to the infraorder 
Platyrrhina. The work discussed here 
(7) includes study of one prosimian, 
three genera of Catarrhina, and four of 
Platyrrhina, 


Materials and Methods 


Primate material has been obtained 
from several sources. Recently dead ani- 
mals have been obtained from the Bal- 


SCIENCE, VOL. 128 





tin 


esp 
ob 
the 
ne\ 
ors 
liv. 
for 


the 
Yo 
in ; 
sist 
(7( 
pel 
filt 
col 
ligt 
My 
cel 


tail 
of 


tio! 
dig 
fro’ 
try, 
line 
sio1 
anc 
For 
am 


wit 
wel 


ino: 
mil 


cell 
usu 
tur. 
tior 
be 

wit 
usu 
acti 


tior 
the 
in t 
pre 
eral 


we! 
pla 
soli 
in ] 
was 
met 
stai 
45-1 
mor 


The 


loc- 
iol. 


nce 
and 
Oso- 
20- 


re- 
ned, 


bers 
ifer- 
1953 
.R.. 


SPB, 


d of 


nent 


d on 
these 
is of 
vhich 
sd to 
from 
ound’ 


id its 


New 
id so 
yunts 
e, 

ps of 
se of 
zenus 
>) on 
‘mely 
on of 
mates 
- clas- 
n un- 
imple 
ts find 
lassify 
thors 
family 
ae, or 
nicon- 
e that 
D such 
nvesti- 
special 
aorder 
| here 
simian, 
our of 


»tained 
ad ani- 
re Bal- 


OL. 128 





timore Zoo (8). Many live specimens, 
especially of the rarer genera, have been 
obtained from dealers (9). In all cases 
the tissue cultures were made from kid- 
ney. This was done mainly because this 
organ can easily be removed from the 
living animal, which can then be used 
for other purposes. 

The tissue was prepared for culture by 
the trypsin digestion technique of 
Younger (10). Mass cultures were made 
in a modified Chang’s medium (11) con- 
sisting of Hanks’ balanced salt solution 
(70 percent), adult human serum (25 
percent), and beef embryo extract ultra- 
filtrate (5 percent). This medium also 
contained 100 units of penicillin, 0.1 mil- 
ligram of streptomycin, and 2.5 units of 
Mycostatin per milliliter. The kidney 
cells cultured in this medium were pre- 
dominantly epithelioid. They were main- 
tained in serial culture for a maximum 
of three passages. For the preparation of 
a new passage, and also for the prepara- 
tion of cover-slip cultures, the cells were 
digested free from the glass surface and 
from each other with 0.05-percent 1:250 
trypsin solution made up in Puck’s “sa- 
line A” (12). The resulting cell suspen- 
sion was added to fresh culture medium 
and placed in appropriate culture vessels. 
For cultures intended for cytological ex- 
amination, the cover slips were placed 
in the bottom of l-ounce ointment jars 
with plastic screw caps. These cultures 
were maintained in an atmosphere of 
5 percent CO, in air. The usual initial 
inoculum was about 2x 10* cells in 5 
milliliters of medium per ointment jar. 

When a relatively confluent sheet of 
cells had grown on the cover slips (this 
usually took about five days), the cul- 
tures were used for cytological prepara- 
tions. Two days before the cells were to 
be fixed, the old medium was replaced 
with fresh medium. This procedure 
usually results in an increase in mitotic 
activity after a lag period of 24 to 36 
hours. Ten to fifteen hours before fixa- 
tion, colchicine was added to some of 
the cultures to yield a final concentration 
in the medium of 10-7M. The hypotonic 
pretreatment method of Hsu and Pom- 
erat (13) was used for all preparations. 
Ten to twenty minutes before the cells 
were to be ‘fixed, the medium was re- 
placed with a 20-percent balanced salt 
solution in water, The cells were fixed 
in Darlington and LaCour’s 2BD. After 
washing they were stained by the Feulgen 
method. The cover slips bearing the 
stained cells were inverted on slides in 
45-percent acetic acid and flattened with 
moderate pressure in a bibulous book. 
The slides were dehydrated by the Dry- 
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Table 1. Somatic chromosome numbers and chromosome types of eight genera of pri- 
mates. The classification used here is that of Fiedler (19). M, metacentric; S, sub- 
terminal ; T, telocentric. 











Chromosomes 
Infraorder Scientific name Common name Sex 2N Autosomes X Y 
pee Be 
Lorisiformes Nycticebus coucang Slow loris ; oe 
Catarrhina Cercopithecus 
mona mona Mona guenon $ 66 6 
Catarrhina C.mona mona Mona guenon 2 66 6 
Catarrhina Cercocebus tor- 
quatus torquatus Sooty mangabey 6 42 0 
Catarrhina Papio sphinx Mandrill 6 42 0 
Platyrrhina Cebus apella Cinnamon ringtail ¢ 54 6 18 28 T T 
Platyrrhina C. apella Cinnamon ringtail ¢ 54 6 18 28 T T 
Platyrrhina C. capucinus Capuchin ringtail 9 54 6 18 28 T 
Platyrrhina Callicebus cupreus Red titi & % 10° 10.2487 
Platyrrhina Saimiri sciureus Squirrel monkey $ 44 6 i?) S23 
Platyrrhina 8S. sciureus Squirrel monkey > 4 1464 42s 
Platyrrhina S. sciureus Squirrel monkey ° 4 6 4s 
Platyrrhina Ateles geoffroyi Hooded spider 
cucullatus monkey oe & 12. 8 .2-48 
Platyrrhina A. paniscus chamek  Black-faced 
spider monkey ¢ 6S 612158 2 ee 
Platyrrhina A. paniscus chamek  Black-faced 
spider monkey o 2 & i 2 





Ice technique of Conger and Fairchild 
(14) and mounted in euparal. 

More than 30 good figures were scored 
for each species, except for Cebus capu- 
cinus and Ateles geoffroyi chamek, in 
which 25 cells were scored for each spe- 
cies. In no case were less than 12 cells 
scored for each individual. Freehand 
drawings were made of all cells to fa- 
cilitate counting. Some normal and some 
colchicine metaphases were used for each 
individual. Wherever available, many 
slides from all three passages were ex- 
amined. In order to minimize the chance 
of counting figures from which some of 
the chromosomes had escaped, most 
counts were made on unbroken cells. 
The figures to be counted were pre- 
selected at low magnification for ease of 
counting. In most instances those cells 
which were judged before counting to 
be the best gave completely consistent 
counts. In spite of this preselection, how- 
ever, some cells were scored in which 
the chromosome number could not be 
determined exactly. Later karyotype 
analysis allowed most of these cases to 
be resolved. Except for tetraploids and 
a few cells which seemed to be the 
product of tripolar division of tetra- 
ploids, the chromosome counts showed 
very little variation. It is our opinion 
that there is no real variation in chro- 
mosome number in diploid cells from 
our material. The few counts which dif- 
fered from those of the modal class were 
of cells in which some chromosomes 


overlapped. It is difficult, if not impos- 
sible, to be certain of the chromosome 
number in these cases. 

A number of camera lucida drawings 
were made from each platyrrhine spe- 
cies. The figures used for this purpose 
were usually colchicine metaphases and 
were frequently from cells which had 
broken during the flattening process. 
Such well-spread figures were found to 
be the most useful for determining the 
position of the centromeres. Only those 
colchicine metaphases were used in 
which the chromosomes had contracted 
to about the same degree as those of 
normal metaphases. Karyotypes were 
prepared by tracing the chromosomes 
from the camera lucida drawings. Where 
possible they were paired according to 
size and centromere position, but in 
some instances groups of four or more 
similar chromosomes had to be paired 
in arbitrary fashion. Photographs were 
also made (15). 


Results 


Fifteen individuals were analyzed for 
chromosome number. These are listed in 
Table 1, together with the diploid chro- 
mosome number. In order to test the 
possibility that a difference exists be- 
tween the chromosome complements of 
cells grown in vitro and those growing 
in vivo, the bone marrow of the Ateles 
paniscus chamek male was examined. A 
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Fig. 1. Diploid figures from tissue-cultured material treated with colchicine. (A) Cebus 
apella 8; (B) Callicebus cupreus 8; (C) Saimiri sciureus 8; (D) Ateles geoffroyi 


cucullatus @. 


modification of the technique of Ford 
and Hamerton (J/6) was used. The 
counts obtained from this material veri- 
fied the diploid condition (and the chro- 
mosome morphology) of the vast major- 
ity of the tissue-cultured cells. Most cells 
not conforming to the diploid condition 
were tetraploid, An extremely low num- 
ber of cells with higher ploidy were 
present, while aneuploidy was not ob- 
served. Photographs of representative 
diploid cells from the four platyrrhine 
genera are presented in Fig. 1. 

The chromosome number listed in 
Table 1 for the slow loris (Nycticebus 
coucang) is particularly significant, since 
it represents the first report on a pro- 
simian primate. Unfortunately, the ma- 
terial was such that a detailed karyo- 
type analysis was not possible. 

The three genera of the family Cerco- 
pithecidae (Old World monkeys) which 
are reported here have recently been in- 
vestigated by Chu and Giles (3). All are 
members of the subfamily Cercopithe- 
cinae. The chromosome number 66 for 
Cercopithecus mona mona confirms Chu 
and Giles’ count for a different subspe- 
cies of this form. Likewise, the count of 
42 for Cercocebus torquatus torquatus is 
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the same as that reported by Chu and 
Giles for a different subspecies. The 
count for Papio sphinx is the first for 
this species, although the number 42 has 
been reported for other members of this 
genus by Chu and Giles and also by 
Darlington and Haque (17). 

A detailed karyotype analysis was 
made of four genera of Platyrrhina 
(New World monkeys), all members of 
the family Cebidae. A representative 
male karyotype for each genus is pre- 
sented in Fig. 2. The chromosomes have 
been classified into three morphological 
categories: telocentrics (T), subtermin- 
als (S), and metacentrics (M). Chro- 
mosomes with approximately equal atms 
have been designated as metacentric, 
while those with unequal arms are classi- 
fied as subterminals. Chromosomes with 
no visible second arm are considered 
telocentrics. The autosomes of the four 
genera have been classified into these 
three categories in Table 1. The sex 
chromosomes have been classified sepa- 
rately. No autosomal difference was 
found either between individuals of the 
same species or between species of the 
same genus. In the genus Saimiri, a 
prominent constriction occurs in the 





centromere region of one ftetacentric 
pair, while in Ateles one metacentric 
pair has a prominent secondary con- 
striction. The X chromosome varies all 
the way from a terminal (in Cebus) 
to a metacentric (in Ateles). The Y 
chromosome, which is the smallest chro- 
mosome in all four genera, appears to 
be a telocentric. 

All of the figures used in preparing 
the karyotypes were colchicine meta- 
phases, which were selected so that the 
amount of contraction was about the 
same as that at full metaphase in a nor- 
mal mitosis. Although the four karyo- 
types are of the same magnification, the 
over-all size difference is not necessarily 
indicative of the natural state. Absolute 
and relative lengths can vary from cell 
to cell. For example, the absolute size 
of the largest telocentrics in the Calli- 


cebus material ranged between 6.8 and. 


8.0 microns. The relative lengths of the 
two largest pairs in Callicebus differ to 
the extent that in a few cells the second, 
or subterminal, pair is longer than the 
first, or telocentric, pair. Occasionally a 
size difference exists between the homo- 
logs, especially among the very long 
chromosomes. Thus, in the cell used for 
the Saimiri karyotype, the two members 
of the second pair of chromosomes are 
not of the same length. It is believed 
that this is the result of differential 
stretching due to the spreading tech- 
nique used. 


Discussion 


The results of the present study, to- 
gether with those of Chu and Giles (3), 
reveal a large variation in chromosome 
number among representatives of three 
major groups of primates. The numbers 
range from 2n=34 to 2n=66, and in 
such a way that their only common de- 
nominator is 2. This fact makes it very 
unlikely that polyploidy could have been 
a factor in the evolution of the primates; 
this is not surprising, since polyploidy 
must be an extremely rare evolutionary 
mechanism in species, such as those re- 
corded here, which have a well-differ- 
entiated pair of sex chromosomes. 

There are several other mechanisms 
which can lead to an_ evolutionary 
change in chromosome number. Of 
these, fusion has been most clearly dem- 
onstrated. Patterson and Stone (5), for 
instance, have suggested that centric 
fusions account for the reduction in 
chromosome number and the origin of 
metacentric and subterminal chromo- 
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somes in the genus Drosophila, in which 
the most primitive species are char- 
acterized by rod-shaped chromosomes. 
Makino (/8) showed that the chromo- 
some number of the domestic sheep is 
54, and that, of these chromosomes, six 
are metacentrics, the rest telocentrics. 
He found that the goat, on the other 
hand, has 60 telocentric chromosomes. 
Makino suggests that 12 of the chromo- 
somes of the goat correspond to the 12 
arms of the six metacentrics in the 
sheep. 

The four karyotypes presented here 
for the family Cebidae strongly suggest 
that centric fusion has played an im- 
portant role in the evolution of this 
group. Of the four genera, Cebus is 
morphologically the least specialized, 
while Ateles is obviously highly special- 
ized. for an arboreal existence, having a 
well-developed prehensile tail, a short- 
ened trunk, elongated limbs, and (usu- 
ally) no thumb. The other two genera, 
Callicebus and Saimiri, are both mod- 
erately specialized for a squirrel-like ex- 
istence, although they are not considered 
to be very closely related to each other. 

The four genera thus form a series of 
increasing specialization. The chromo- 
some numbers of these genera show a 
correlation with their degree of special- 
ization. It is clear from Table 1 that a 
reduction in chromosome number is 
correlated with a relative decrease in 
the number of telocentric chromosomes. 
This is expected if the reduction in 
number has been accomplished by 
means of centric fusions. The karyo- 
types strongly suggest that Cebus, with 
14 pairs of telocentric chromosomes, is 
the most primitive of the four genera 
studied, although this in no way im- 
plies that Cebus is ancestral, or even 
that this genus is the most primitive in 
the living Platyrrhina. 

It is obvious that other mechanisms 
ot karyotype evolution must also have 
been important in the Cebidae. Tandem 
fusions and pericentric inversions must 
have occurred to produce the longer 
chromosomes in each set, particularly 
chromosomes like the longest pair in 
Callicebus. Such processes would ac- 
count for ‘the difference in karyotype 
between the genus Callicebus and the 
genus Saimiri. It is interesting to note 
that if one arbitrarily decides how many 
small telocentrics it would have taken 
to make each chromosome in each of 
the four genera, the total for each genus 
is close to 70. A plausible speculation, 
therefore, is that the basic primitive 
karyotype for the Platyrrhina, and per- 
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haps even for the order Primates, might 
have been about 70 small telocentrics. 
Several features of the karyotypes for 
the Cebidae are of particular interest. 
While the Y-chromosome has the same 
morphology in each of the genera, the 
X-chromosome, which is a simple telo- 
centric in Cebus, is a subterminal chro- 
mosome in Callicebus and Saimiri and 
a metacentric in Ateles. Constant fea- 
tures of the cebid karyotype seem to be 
a small metacentric pair, which is the 
next-to-last pair in all of the genera but 
Cebus, and a small telocentric pair which 


is present even in Ateles. A pair of chro- 
mosomes with a prominent secondary 
constriction, which has been reported by 
Chu and Giles (3) to be a constant fea- 
ture in the Cercopithecidae, is not pres- 
ent in all of the Platyrrhina investigated, 
although the present study confirms its 
presence in the genera Cercocebus, Pa- 
pio, and Cercopithecus. Neither Cebus 
nor Callicebus possesses a pair of chro- 
mosomes with such a constriction, while 
the constriction in Saimiri does not ap- 
pear to be secondary. It is possible, of 
course, that if the constriction noted by 
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Fig. 2. Mitotic chromosomes of representative species of four platyrrhine genera. The 
chromosomes are arranged by paired homologs and in order of size. 
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Chu and Giles is the nucleolus organ- 
izer, it may exist as an undetected sec- 
ond arm in one of the telocentric chro- 
mosomes of Cebus and of Callicebus. 

The mechanism of chromosome evo- 
lution suggested for the Cebidae does 
not apply in any obvious way to the 
Cercopithecidae. If centric fusions have 
any importance in the latter family, the 
evidence has been obscured by further 
specialization of the karyotypes through 
such mechanisms as pericentric inver- 
sion. It is significant, however, that 
while the genera Papio and Cercocebus 
do not appear to have any telocentric 
chromosomes, there are three pairs of 
telocentrics in Cercopithecus mona mona 
(see Table 1). If the 2n=60 species of 
Cercopithecus have no telocentrics, as 
appears to be the case from the photo- 
graph of Chu and Giles (3), then the 
number difference in this genus may 
well be explained by the centric fusion 
mechanism. 

Although the studies of the chromo- 


News 


Survey of Physics Teaching 


A nationwide survey by the American 
Institute of Physics discloses a shortage 
of physics teachers in United States col- 
leges and universities, overloaded teach- 
ing schedules, and a discouraging outlook 
for the immediate future. One result of 
the survey was the revelation that col- 
lege and university administrators in the 
academic year 1957-58 provided suff- 
cient funds for 403 new appointments of 
Ph.D. physicists, but the departments 
concerned estimated they would be able 
to appoint only 254 new Ph.D. physicists 
from the available supply. 

Some of the findings of the survey, 
which was conducted by William C. 
Kelly, director of education at the AIP 
and former University of Pittsburgh 
faculty member, are as follows: 

1) Of the 536 American colleges and 
universities that have a 4-year under- 
graduate major program in physics, 490 
—or 91 percent—took part in the sur- 
vey. Some 451 institutions reported that 
their needs for physics teachers are not 
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somes of the Primates which have been 
made to date have only scratched the 
surface, so to speak, it is already ob- 
vious that such studies can be of great 
help in the analysis of the problem of 
the evolution of this group. Studies are 
now in progress in our laboratory on the 
chromosome numbers and karyotypes of 
a second family of the Platyrrhina, the 
Callithricidae. Preliminary work is also 
in progress on the rather puzzling genus 
Callimico. It is hoped that these studies 
will both clear up the question of the 
taxonomic position of Callimico and an- 
swer the question of whether the Calli- 
thricidae are truly primitive primates or 
have evolved their seemingly primitive 
characters secondarily. 
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pon Springs, Fla., has been extremely helpful 
in obtaining New World monkeys for this 
study. 
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provement. Twenty-one percent of the 
physics departments report that they 
have had to cancel classes because of in- 
adequate staff, another 36 percent report 
an increase of class size to an “undesir- 
able degree,” and one-third state that 
teaching duties have been assigned to 
part-time, although qualified, teachers 
from outside the institution’s physics de- 
partment. 

5) Departmental chairmen estimate 
that approximately 688 Ph.D. physicists 
are needed to correct the shortages in 
these colleges and universities. The total 
number of Ph.D. degrees granted in 
1956-57 amounted to 444 in the US. 
More than half of the 444 did not go 
into teaching because they took full-time 
research jobs. 

6) The situation in the small physics 
department is disturbing. Half the short- 
age of physics teachers occurs in physics 
departments with staffs of six or less peo- 
ple, and half of the bachelor’s degrees in 
physics in 1957 were granted by these 
same physics departments. 


Nuclear Propulsion 


A study of the feasibility of employ- 
ing controlled nuclear explosions for 
propulsion has been authorized by the 
Air Research and Development Com- 
mand, it was announced on 2 July by 
Roy W. Johnson, director of the Ad- 
vanced Research Projects Agency. The 
authorization is for a contract with the 
General Dynamics Corporation’s Gen- 
eral Atomic Division, San Diego, Calif. 
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This is one of a series of investiga- 
tions involving new means of propulsion 
for space applications. Conceptually, 
this study, which was proposed by Gen- 
eral Atomic, differs from other propos- 
als under consideration in that it looks 
to the employment of a series of con- 
trolled detonations within the atmos- 
phere and beyond. The initial commit- 
ment for this study calls for the ex- 
penditure of $1 million during fiscal 
year 1959. Research will be conducted, 
in the main, at General Atomic’s John 
Jay Hopkins Laboratory for Pure and 
Applied Science in San Diego. Continu- 
ation of the program will be based upon 
the results of the study during the initial 
phase. 


Zoological Nomenclature 


The International Commission on 
Zoological Nomenclature has announced 
that, beginning 6 December 1958, it will 
start voting on the following cases in- 
volving the possible use of its plenary 
powers for the purpose specified against 
each entry. Full details of these cases 
were published on 6 June in the Bulletin 
of Zoological Nomenclature (vol. 16, 
part 2); (i) Mysis Latreille, [1802- 
1803], designation of type species for, 
and validation of neotype for species 
(Cancer oculatus Fabricius, 1780) so 
designated (Class, Crustacea; Order, 
Mysidacea); (ii) Dactylioceras Hyatt, 
1867, designation of type species for 
(Class, Cephalopoda; Order, Ammo- 
noidea: Jurassic); (iii) gemmascens 
Esper, [1794] (Madrepora), validation 
(Class, Hydrozoa; Order, Stylasterina). 
Comments should be sent as soon as pos- 
sible in duplicate to the assistant secre- 
tary to the commission, R. V. Melville, 
28 Park Village East, Regent’s Park, 
London, N.W.1, England. 


Oil from Shale 


The Denver Research Institute of the 
University of Denver has announced the 
successful operation of a pilot plant 
which extracts oil from oil-bearing shale 
at a cost which is reported to be com- 
mercially competitive. This process, 
should it prove capable of expansion to 
industrial scale, would open the nation’s 
oil shale reserves to commercial devel- 
opment and greatly augment our total 
resources of petroleum. 

A reduction in cost of up to 50 per- 
cent over other extractive processes has 
been reported by the institute’s director, 
Shirley A. Johnson, Jr. In a projected 
source-to-market problem, this reduction 
would allow a producer to sell Colorado- 
produced oil on the West Coast for $1.42 
to $1.92 a barrel. The current cost of 
crude oil produced by drilling is about 


25 JULY 1958 


$1.40 per barrel of medium grade, ac- 
cording to a major marketer. 

To extract oil from shale by the new 
process, metal or ceramic balls—ther- 
mospheres—are heated and then run 
counter to a flow of finely crushed shale 
in a retort. This heats the shale to a 
point at which it releases its hydrocar- 
bons. The resulting shale coke, which re- 
tains some of its combustible elements, 
is then burned in a furnace to provide 
heat for warming the thermospheres. 
This process is one of four considered 
feasible by experts in the field of shale- 
oil extraction [Sci. Monthly 84, 275 
(1957)}. 

The pilot plant, which has a daily ca- 
pacity of 24 tons, has been in operation 
for the past 9 months. The work is being 
done by the Denver Research Institute 
for the Oil Shale Corporation, owner of 
the Western Hemisphere rights to the 
process. A Swedish engineer, Olof Asper- 
gen, holds the patent rights on the basic 
process. 


Grants, Fellowships and Awards 


General. The closing date for U.S. 
Government awards for 1959-60 author- 
ized under the Fulbright and Smith- 
Mundt acts is 1 October. These grants 
are for university lecturing and ad- 
vanced research in Europe, the Near 
East and Africa, and the Far East. Ap- 
plication forms and additional informa- 
tion are obtainable from the Conference 
Board of Associated Research Councils, 
Committee on International Exchange 
of Persons, 2101 Constitution Avenue, 
Washington 25, D.C. 

Physiological Sciences. The 21st In- 
ternational Congress of Physiological 
Sciences will be held in Buenos Aires, 
Argentina, 9-15 August 1959, under the 
sponsorship of the International Union 
of Physiological Sciences. The United 
States adheres to the International Union 
through the National Academy of Sci- 
ences, which has established a National 
Committee for this purpose. The Na- 
tional Committee is seeking funds to pro- 
vide a limited number of allotments in 
support of travel to the congress for sci- 
entists residing in the United States who 
may require such assistance. Individual 
allotments will not exceed $750 each. 

Application for a travel allotment 
should be submitted in duplicate in the 
form of a letter giving information on 
age, training, publications, academic or 
professional title, and society affiliation. 
Applicants who plan to submit papers 
for presentation at the congress should 
include the proposed title of each paper. 
Such letters must be submitted before 15 
October 1958 to the Chairman, U.S.A. 
National Committee on the Interna- 
tional Union of Physiological Sciences, 
2101 Constitution Avenue, NW, Wash- 


ington 25, D.C. Applications for assist- 
ance toward travel expenses are entirely 
separate from applications for registra- 
tion and for the submission of papers. 

Poliomyelitis. Deadlines of 1 Sep- 
tember and 1 December have been es- 
tablished for application to the National 
Foundation for Infantile Paralysis for 
postdoctoral fellowships in research and 
academic medicine or in the clinical 
fields of rehabilitation, orthopedics, and 
preventive medicine. Applications for 
fellowships in the medical associate 
fields or physical therapy teaching and 
occupational therapy teaching should 
also be filed by these dates. For further 
information write to: Division of Pro- 
fessional Education, National Founda- 
tion for Infantile Paralysis, 301 E. 42 
St., New York 17, N.Y. 

Social science. The Social Science Re- 
search Council, 230 Park Ave., New 
York 17, N.Y., has announced that in- 
ternational conference travel grants 
equivalent to round-trip, tourist-class 
fare are offered to social scientists re- 
siding in the United States for attend- 
ance at meetings outside North America. 
These grants are offered only for meet- 
ings designated in advance by the coun- 
cil. 

The tentative list of meetings in 1958 
through 1960 follows. The approximate 
number of grants to be offered for each 
meeting is shown in parentheses: Con- 
gress of the Interamerican Society of 
Psychology, Rio de Janeiro, December 
1958 (3); Congress of the History of 
Science, Barcelona, August-September 
1959 (6); Conference of the Interna- 
tional Union for Scientific Study of 
Population, Vienna, August-September 
1959 (5); Congress of the International 
Sociological Association, Perugia, Sep- 
tember 1959 (5); International Institute 
of Administrative Sciences, West Ger- 
many (6); Congress of the International 
Statistical Institute, 1959 (if held outside 
North America—10) ; International Con- 
gress of Historical Sciences, 1960 (36); 
Congress of the International Union of 
Scientific Psychology, 1960 (15). 

Forms for application for travel grants 
will be supplied by the council on re- 
quest. Applications for grants for the 
December 1958 Interamerican Psycho- 
logical Congress will be due 15 October, 
and grants for this meeting will be an- 
nounced as soon as possible thereafter. 
Applications for all meetings to be held 
in the summer of 1959 will be due 1 
December 1958, and grants will be an- 
nounced 1 March 1959 or earlier. 


Atmospheric Sciences 


The National Science Foundation an- 
nounced on 7 July the establishment of 
a Program for Atmospheric Sciences in 
the Division of Mathematical, Physical, 
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and Engineering Sciences, Earl G. 
Droessler joined the staff of the founda- 
tion as Program Director for Atmos- 
pheric Sciences, He was formerly with 
the Office of Science, Department of 
Defense. 

The Atmospheric Sciences Program is 
being established by the foundation as 
a result of recommendations by the 
President’s Committee on Weather Con- 
trol and the Committee on Meteorology 
at the National Academy of Sciences- 
National Research Council. 

The new program will deal with me- 
teorology including not only the more 
conventional type of meteorological re- 
search, but also energy transfer proc- 
esses between earth, sea, and air; turbu- 
lent flow of gaseous fluids; heat-exchange 
processes; upper-atmosphere studies; at- 
mospheric chemistry; and general cir- 
culation problems of the atmosphere 
and oceans, Attention will also be given 
to the field of cloud physics, especially 
the physics of precipitation, where much 
basic research must be pursued before 
the possibility of controlling or modify- 
ing weather can be evaluated. 

Droessler brings to his new assign- 
ment wide experience in administration 
and coordination of military scientific 
research and development, and in re- 
search in meteorology and glaciology. 


News Briefs 


The first of July marked the centen- 
nial of the first reading of Charles Dar- 
win’s paper on the evolution of the spe- 
cies. The occasion was marked at a 
meeting in London of the Linnaean So- 
ciety held in honor of Darwin and AI- 
fred Russell Wallace, who, working in- 
dependently, had arrived at a theory 
which was so strikingly similar that the 
papers were read together. The attend- 
ing group of biologists learned that the 
first reading was passed over by the 
president of the society, Thomas Bell, 
as a matter of no great importance. He 
was disappointed, Bell said, that 1858 
had “not been marked by any of those 
striking discoveries which at once revo- 
lutionize, so to speak, the department of 
science ,on which they bear.” 

* + 

The Martin Company has opened a 
laboratory for basic research in Balti- 
more, Md. Patterned after the Institute 
for Advanced Study at Princeton, the 
company’s Research Institute for Ad- 
vanced Study was established “to observe 
phenomena of nature and to encourage, 
promote, and support investigations in 
search of underlying knowledge of 
these phenomena. To conduct theoreti- 
cal and experimental studies, to dis- 
cover the fundamental laws which affect 
them. . . .” Operating without security 
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restrictions and without specific program 
direction by the parent company, the in- 
stitute’s staff of 35 scientists pursue fun- 
damental studies which may or may not 
have eventual application. Photosynthe- 
sis, cosmic ray studies, Einstein’s relativ- 
ity theory, and nonlinear differential 
equations are some of the current and 
projected subjects of inquiry. 


Proposed Legislation 


Of the many bills introduced in Con- 
gress, some have a special relevance to 
science and education. A list of such bills 
recently introduced follows: 

H Con Res 325. Authorize Joint Com- 
mittee on Atomic Energy to print for its 
use 10,000 copies of the public hearings 
on the physical research program as it 
relates to atomic energy. Price (D-IIl.). 
House Administration. 

S 3753. Provide that the Secretary of 
Interior shall develop and carry out an 
emergency program for eradication of 
starfish in Long Island Sound and adja- 
cent waters. Bush (R-Conn.). Senate 
Interior and Insular Affairs. 

HR 12710, Provide for research into 
problems of flight within and outside the 
earth’s atmosphere. McDonough (R- 
Calif.). House Select Committee on As- 
tronautics and Space Exploration. 

S 3898. Authorize the establishment of 
the Indiana Dunes National Monument. 
Douglas (D-IIll.). Senate Interior and 
Insular Affairs. 

S 3892. Stabilize production of cop- 
per, lead, zinc, acid-grade fluorspar, and 
tungsten from domestic mines by provid- 
ing for stabilization payments to pro- 
ducers of ores or concentrates. Murray 
(D-Mont.). Senate Interior and Insular 
Affairs. 

S 3900. Liberalize tariff iaws for work 
of art and other exhibition material. 
Javits (R-N.Y.). Senate Finance. 

S 3932. Provide for federal assistance 
for construction and expansion of public 
community junior colleges. Yarborough 
(D-Texas). House Labor and Public 
Welfare. 

S 3946. Amend provisions of Public 
Health Service Act re grants for hospital 
construction to include institutions for 
care and treatment of mentally retarded. 
Yarborough (D-Texas), Proxmire (D- 
Wis.). Senate Labor and Public Wel- 
fare. 

HR 12771. Restore (for 1 year) the 
duties on aluminum and aluminum 
products established in the Tariff Act 
of 1930. Baker (R-Tenn.). House Ways 
and Means. 

HR 12821. Require the Surgeon Gen- 
eral to undertake a special research pro- 
gram on cystic fibrosis. Broomfield (R- 
Mich.). House Interstate and Foreign 
Commerce. 





Scientists in the News 


JOHN f. YELLOTT, former assistant 
director of Stanford Research Institute 
and executive director of the Association 
for Applied Solar Energy in Phoenix, 
Ariz., has announced formation of the 
firm John Yellott Associates with head- 
quarters at 901 W. El Caminito, Phoe- 
nix, Ariz. The new firm will render con- 
sulting services in mechanical engineer- 
ing, with specialization in various aspects 
of power generation by steam and gas 
turbines, fuel utilization, energy conver- 
sion, and particularly in applications of 
solar energy to special problems in space 
heating and cooling. 


BRUCE WALLACE, geneticist at the 
Biological Laboratory, Cold Spring Har- 
bor, has been named associate professor 
in the department of plant breeding at 
Cornell University, effective 1 Septem- 
ber. Wallace will continue his research 
in Drosophila genetics and teach ge- 
netics and experimental evolution, 


HARRY J. FULLER, editor-in-chief 
of the American Journal of Botany and 
editor of the Plant Science Bulletin since 
its founding, has resigned from these 
posts because of ill health, HAROLD C. 
BOLD, professor of botany at the Uni- 
versity of Texas, will succeed Fuller on 
the American Journal of Botany. HAR- 
RIET B. CREIGHTON of Wellesley 
College, has been elected editor of the 
Plant Science Bulletin. Bold has resigned 
as secretary of the Botanical Society, ef- 
fective 1 September. 


S. B. SELLS, chief of the department 
of medical psychology at the Air Force 
School of Aviation Medicine at Ran- 
dolph Field, Texas, has been appointed 
professor of psychology at Texas Chris- 
tian University. 


To honor outstanding engineering 
achievement in the field of agriculture, 
the American Society of Agricultural 
Engineers has awarded the John Deere 
Gold Medal to WALLACE ASHBY, 
Beltsville, Md.; and two Cyrus Hall Mc- 
Cormick Gold Medals—one to THOM- 
AS CARROLL, Toronto, Ont., Can- 
ada, and one to DENT PARRETT, St. 
Joseph, Mich, 


O. BURR ROSS of Salina, Kan., 
general manager of the Gooch Feed Mill 
Company, has been named head of the 
department of animal science at the Uni- 
versity of Illinois College of Agriculture. 
He succeeds L. E. CARD, who recently 
accepted an assignment as group leader 
of the University of Illinois agricultural 
staff working under the university’s In- 
ternational Cooperation Administration 
contract in India. 
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MURRAY RABINOWITZ of the 
Rockefeller Institute for Medical Re- 
search has been appointed director of 
the central Cardiopulmonary Laboratory 
at the University of Chicago, effective in 
September. Rabinowitz has been work- 
ing with Fritz Lipmann’s biochemical re- 
search laboratory at the institute. 


This year’s honorary degree recipients 
include the following: 

PETER P. ALEXANDER, chairman 
of the board of Metal Hydrides, Inc., 
from Northeastern University. 

ERNEST W. BURGESS, professor 
emeritus of the University of Chicago, 
from Western Reserve University. 

WILLIAM H. EISENMAN, former 
national secretary for the American So- 
ciety for Metals, from Western Reserve 
University. 

JOHN F. ENDERS, professor of bac- 
teriology and immunology at Harvard 
Medical School, from Western Reserve 
University. 

GEORGE H. HART, emeritus dean 
of the School of Veterinary Medicine, 
University of California, Davis, from the 
University of California, Berkeley. 

HELEN S. HOGG, professor of as- 
tronomy at the University of Toronto, 
from Mount Holyoke College. 

JAMES G. HORSFALL, director of 
the Connecticut Agricultural Experi- 
ment Station, from the University of 
Vermont. 

TSUNG DAO LEE, professor of 
physics at Columbia University, from 
Princeton University. 

ROBERT T. LEGGE, emeritus pro- 
fessor of hygiene, from the University of 
California, Berkeley. 

GUSTAV J. MARTIN, vice presi- 
dent and director of research of the Na- 
tional Drug Company of Philadelphia, 
from Philadelphia College of Pharmacy 
and Science. 

ISIDOR S. RAVDIN, John Rhea 
Barton professor of surgery of the School 
of Medicine of the University of Penn- 
sylvania, from Philadelphia College of 
Pharmacy and Science. 

J. E. WALLACE WALLIN, retired 
director, division of special education 
and mental hygiene, department of pub- 
lic instruction, Wilmington, Delaware, 
from Upsala College. 

H. BRADFORD WASHBURN, Jr., 
director of the Boston Museum of Sci- 
ence, from Northeastern University. 

SEWALL WRIGHT, professor of zo- 
ology at the University of Wisconsin, 
from Western Reserve University. 

CHIEN SHIUNG WU, associate pro- 
fessor of physics at Columbia Univer- 
sity, from Princeton University. 

CHEN NING YANG, professor of 
physics at the Institute for Advanced 
Study, Princeton, N.J., from Princeton 
University. 
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WALTER BAADE, for 27 years a 
member of the staff of the Mount Wil- 
son and Palomar Observatories, has re- 
tired from the California Institute of 
Technology and the Carnegie Institution 
of Washington. 

Baade is noted for his discovery that 
two entirely different types of stars 
(populations I and II) exist. This dis- 
covery led to his recalibration of Ce- 
pheid variable stars, distance indicators 
in the Andromeda nebula, and his cor- 
rection in the cosmic distance scale. His 
work, which was reported at the Inter- 
national Astronomical Union meeting in 
September 1952, indicated that all ob- 
jects beyond the Milky Way are about 
twice as far from the earth as had pre- 
viously been supposed. Baade has also 
collaborated with Rudolph Minkowski 
in the identification of radio sources with 
optically observed objects, and in the 
physical interpretation of the nature of 
these sources. 

Baade, a native of Schréttinghausen, 
Germany, studied at the Universities of 
Miinster and Gottingen. He received his 
Ph.D. degree in 1919 at Gottingen and 
in that same year was appointed to the 
staff of the Hamburg Observatory, where 
he remained until he received his ap- 
pointment to the Mount Wilson staff in 
1931. 


F. W. SPIERS, professor of physics at 
the University of Leeds, Leeds, England, 
will be in the United States and Canada 
from 21 July till the end of August. He 
will attend the International Congress of 
Radiation Research in Burlington, Ver- 
mont, 10-16 August, and will also visit 
Cambridge, Mass.; Ottawa; Toronto; 
Lemont, Ill.; Warrendale, Pa.; Oak- 
ridge, Tenn.; and Washington, D.C. 


H. G. THORNTON, A. V. HILL, 
RUDOLPH PETERS, GEORGE TAY- 
LOR, and-D. C. MARTIN have been 
appointed by the Royal Society to at- 
tend the eighth General Assembly of 
the International Council of Scientific 
Unions, at the National Academy of Sci- 
ences, Washington, 2-6 October. 


C. KINNEY HANCOCK, professor 
of chemistry at the Agricultural and 
Mechanical College of Texas, has re- 
ceived the 1958 award of $1000 from the 
Association of Former Students of Texas 
A. and M. This award is given in recog- 
nition of research performed in addition 
to duties as a teacher. 


A bronze plaque commemorating 38 
years of outstanding service to Cornell 
University by emeritus professor WAL- 
TER C. MUENSCHER was dedicated 
recently at the university. Muenscher is 
an internationally known specialist in 
weeds and poisonous plants. 


Cc. D. SHANE, director of the Uni- 
versity of California’s Lick Observatory 
at Mount Hamilton, has retired from the 
directorship after 13 years of service. His 
successor is ALBERT E. WHITFORD, 
director of the Washburn Observatory 
at the University of Wisconsin. 


JAMES A. OLIVER has been ap- 
pointed director of the Bronx Zoo. He 
had been curator of reptiles at the zoo 
since 1 September 1951, and assistant 
director since 28 April of this year. 


EDWIN H. ELLISON, professor of 
surgery at Ohio State University College 
of Medicine, has been appointed profes- 
sor and director of the department of 
surgery at Marquette University School 
of Medicine. 


Recent Deaths 


CONDIT W. CUTLER, New York, 
N.Y.; 69; professor of clinical surgery at 
Columbia University, 1947-54; director 
of surgery at the Goldwater Memorial 
Hospital on Welfare Island, 1939-53; 
specialist in surgery of the hands and 
joints; author of The Hand: Its Diseases 
and Disabilities; 6 July. 

GRAHAM L. DAVIS, Morehead 
City, N.C.; 65; director of the division of 
hospitals for the W. K. Kellogg Foun- 
dation; president of the American Hos- 
pital Association 1945-48; 4 July. 

ROBERTO FRANCO, New York, 
N.Y.; 84; founder and first president of 
the University of Los Andes, Bogota; 
specialist in research on tropical diseases 
in North Africa and Colombia; 5 July. 

FELIX FRISCH, Trenton, N.J.; 78; 
chief of neurology at McKinley Hospi- 
tal; performed research in epilepsy on 
the staff of the New Jersey Neuropathic 
Institute in Skillman, 1938-45; former 
chief of neurology at the Rothschild 
Hospital in Vienna, Austria; 5 July. 

MANUEL HERSCHDORFER, South 
Orange, N.J.; 61; head of the depart- 
ment of mathematics of Seton Hall Uni- 
versity; taught at Johns Hopkins Uni- 
versity and at Amherst College; 6 July. 

NELSON S. MAYO, Highland Park, 
Ill.; 91; former professor of veterinary 
medicine; retired export manager for 
Abbott Laboratories; former staff mem- 
ber at Kansas State College, Connecti- 
cut State College, and Virginia Polytech- 
nic Institute; 5 July. 

SAMUEL T. YUSTER, Los Angeles, 
Calif.; 54; professor of engineering at the 
University of California, Los Angeles; 
former chairman of the petroleum engi- 
neering department at Pennsylvania State 
University; performed research on the 
production of petroleum and on the re- 
duction of smog by altering automobile 
exhausts; 3 July. 
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Book Reviews 


One Language for the World and How 
To Achieve It. Mario Pei. Devin- 
Adair, New York, 1958. xvi+ 291 pp. 
$5. 


Albert Guérard’s A Short History of 
the International Language Movement 
was published in 1922. It was the work 
of a master of English prose, a past mas- 
ter in the art of presenting a chaotic sub- 
ject in smoothly surveyable form. It has 
long since. gone out of print. The fast- 
moving events in the field of interlin- 
guistics have long since made it go out 
of date as well. To state that Mario Pei’s 
newest book satisfies completely the very 
urgent need for a new and up-to-date 
Guérard is high praise indeed. It is fully 
merited. Unfortunately, Pei’s book tries 
to do even more. 

Part I of One Language for the 
World presents a survey of the world’s 
linguistic maze and the resulting prob- 
lems of international communication. 
This makes fascinating reading. Here 
Pei is concerned with a theme which 
only a linguist who is simultaneously a 
sociologist can handle in a meaningful 
fashion. Pei’s encyclopedic fund of in- 
formation enables him to handle his job 
superbly. 

Part II is an account of past and pres- 
ent developments and proposals con- 
cerned with the problem of Babel. How 
the polyglot impasse solved itself for 
the nonce as a matter of historical fact 
in numerous specific situations and how 
individuals and groups have worked to 
solve it by planned intervention are de- 
scribed vividly, urbanely, and fairly. As 
for the planned or guided solutions, one 
has the impression that Pei takes seri- 
ously only the approaches represented by 
Esperanto and Interlingua. This is en- 
tirely as it should be. Esperanto emerges 
as a dream which the faithful believe 
will come true. Interlingua appears as a 
tool effective today in the specialized ap- 
plications for which it was designed. 
Yet, it must not be thought that Pei as 
a historian and as a reporter fails to do 
full justice to the multifarious complexi- 
ties—the amateurish naiveté, the sound 
philological research, the antics of the 
lunatic fringe, the philosophical probing, 
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the chiliastic idealism—which make up 
the scientific, prescientific, and pseudo- 
scientific phases of interlinguistics. 

The colorful appeal of Pei’s subject 
matter and his grand skill in giving it its 
dramatic due cannot conceal the fact 
that the linguist Pei refuses steadfastly 
to come to grips with the anthropologi- 
cal associations of his science. He speaks 
of language and society and has nothing 
to say about language and culture. Surely 
we have no right to expect that every 
student of language should be a dyed- 
in-the-wool general semanticist or meta- 
linguist, but we do have a right to expect 
him to heed the problems whose insistent 
reality has been clear ever since Kor- 
zybski and Whorf first pointed them out. 
It is perhaps symptomatic that in his en- 
tire volume Pei finds no occasion at all 
to mention Korzybski, and about Whorf 
there is only the misleading (or down- 
right erroneous) remark that he—along 
with Duns Scotus and _ Scaliger— 
dreamed about a universal grammar. 

Pei’s refusal to take seriously the sug- 
gestion that diverse linguistic patterns 
are specific to diverse patterns of 
thought and that both are related in a 
unique and functional manner to specific 
cultural courses of development serves 
him in good stead in the third and final 
part of his book. Here he presents his 
own ideas on how to achieve one lan- 
guage for the world. 

It’s all very much simpler than most 
of us thought. The universal language 
will be selected by a congress of author- 
ized representatives of the world’s gov- 
ernments. What language will be chosen 
does not matter as long as all agree to 
adopt it. It may be oriental or occiden- 
tal, obscure or illustrious, planned or 
natural, Chinese or English or Finnish 
or Ojibway or Volapiik or Interlingua. 
It will take the delegates little more 
than a week to select it. It will take a 
committee of linguists a year to retouch 
it and the governments of the world five 
years to train the necessary teachers. 
Immediately thereafter it will begin to 
be taught in all the world’s kindergartens 
on a par with the children’s native 
speech. The beneficiaries of this type of 
training will reach adulthood as full- 


blown bilinguists. And “long before the 
middle of the twenty-first century, the 
person unable to speak, understand, read, 
and write the universal world language 
will be far more rare than the illiterate 
is today.” 

There are many reasons why this plan 
cannot work, The most important one is 
doubtless that it will never be tried. And 
it will never be tried because too many 
of us have recognized as real the prob- 
lems we associate with the names of 
Korzybski and Whorf. 

It is to be hoped that there will be 
a revised edition of Pei’s book, restricted 
to Parts I and Il—even though there is 
reason to fear that the whole venture 
was embarked upon exclusively for the 
sake of Part III. Minus the part for the 
sake of which it was written, Pei’s book 
may well become a classic, as Guérard’s 
has. 

ALEXANDER GoDE 
Division de Interlingua, 
Science Service, New York 


Chemistry of Carbon Compounds. A 
modern comprehensive treatise. vol. 
IV, part A, Heterocyclic Compounds. 
E. H. Rodd, Ed. Elsevier, New York, 
1957 (order from Van Nostrand, 
Princeton, N.J.). xxvi+807 pp. $28. 


This volume of Rodd is the first of 
three which will deal with heterocyclic 
compounds. A remarkable amount of 
information has been condensed into 
this book, which describes the synthesis 
and properties of thiiran, aziridine, oxe- 
tan, thietan, azetidine, pyrrole, furan, 
thiophen, pyrazole, iminazole, oxazole, 
thiazole, triazole, tetrazole, pyridine, and 
their hydro derivatives. Benzo deriva- 
tives of these compounds (indole, carba- 
zole, quinoline, acridine, and so forth) 
are also included. The more complex 
natural products, such as alkaloids and 
porphyrins, which contain these hetero-— 
cyclic rings will be discussed in the later 
volumes. Three of the more esoteric het- 
erocycles described are an oxaazacyclo- 
butane (page 27), a derivative of diaza- 
cyclopropane (page 20), and 1-azatri- 
cyclo-[3,3,3,0]undecane bromide (page 
137). 

The literature has been well covered, 
and a random check of 200 references 
showed that 24 percent had their origin 
in the years 1950-57, 23 percent in 
1940-49, and 21 percent in 1930-39. 
Typographical errors seem to be inevi- 
table in a book of this size. Thirty-one 
were detected; the majority were miss- 
ing or extra bonds in the otherwise ex-. 
cellent structural formulae. Structures 
IX, XII, XIII, and XV on page 241 


are incorrect. 
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The various chapters (by T. S. 
Stevens, J. D. Loudon, E. Hoggarth, 
and N. Campbell) are uniformly writ- 
ten and maintain the high standard set 
by the previous volumes. Owners of vol- 
umes I to III will need no further 
recommendation. 

Epwarp LEETE 
Department of Chemistry, 
University of California, Los Angeles 


Proceedings of the Rehovoth Confer- 
ence on Nucular Structure. Held at 
the Weizmann Institute of Science, 
Rehovoth, 8-14 Sept. 1957, under the 
auspices of the International Union of 
Pure and Applied Physics. H. J. Lip- 
kin, Ed. North-Holland, Amsterdam; 
Interscience, New York, 1958. xvi+ 
614 pp. Illus. + plates. $12.50. 


The rapid growth of the volume of 
publications makes it almost impossible 
even for the specialist to keep abreast 
of current scientific work. Large confer- 
ences, devoted to a reasonably narrow 
field, increasingly become the means of 
communication among physicists. The 
proceedings of such conferences are al- 
most the only up-to-date record of the 
available results and of the current 
thinking in a field. The present volume, 
appearing only five months after the 
conference took place, is bound to be- 
come useful, both by refreshing the 
memory of the participants of the con- 
ference and also by serving as an orien- 
tation, and perhaps even as an introduc- 
tion to the subject, for those who were 
not present. It shares with other similar 
volumes the characteristic of great read- 
ability which records of verbal proceed- 
ings have, and also a certain sketchiness, 
which is, unfortunately, quite unavoid- 
able. 

The volume contains about 125 con- 
tributions. Most of these are, naturally, 
short communications, However, there 
are more or less comprehensive sum- 
maries on all the principal subjects of 
discussion: the shell-model (Eden on 
the theoretical foundation and Kurath 
on some of the detailed results); the 
unified model (Mottelson and Peierls) ; 
group-theoretical methods (Racah and 
Flowers); electromagnetic _ transitions 
(Wilkinson); finite size of the nucleus 
(Rose); beta decay and parity (Kono- 
pinski on theory and Langer on measure- 
ments); extranuclear effects (Abragam 
on theory and Frauenfelder on measure- 
ments); instruments (Gerholm); and 
measurement of short life-times (Dev- 
ons and S. G. Cohen). About two-thirds 
of all the contributions were theoretical 
in nature, about one-third experimental. 
The average length of the summary pa- 
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pers is perhaps a shade shorter than 
most readers would prefer: few of them 
extend to more than ten pages. Some of 
the short communications do not cover 
a page. 

The Rehovoth Conference had its full 
share of announcements of new and im- 
portant results; these give added zest to 
such gatherings and a significance be- 
yond that of disseminating information. 
Apart from a discussion of the parity 
problem (by Lee and by Wu), there 
was a discussion of the calculation of 
binding energies based on the shell- 
model, by Talmi; Elliott’s views of the 
unified model—which promise to grow 
much beyond their present importance 
—were reviewed by Flowers; Peierls 
spoke on his and Yoccoz’ views on the 
same subject; and Bromley reviewed 
evidence for collective properties of light 
nuclei. Very probably other important 
ideas have been proposed, the signifi- 
cance of which I have failed to appre- 
ciate. There are also three interesting 
and detailed articles on specific sub- 
jects: one by Bergstrom on the nuclei 
in the Pb?° region, one by Zweifel on 
the K-capture phenomenon, and one by 
Steffen on the measurement of B-y an- 
gular correlations. 

It must have been an interesting and 
spirited conference, and the record of it 
does great credit to the editor. There 
was also some good-natured fun, re- 
corded at the end of the volume. It 
should be noted that Pauli appears twice 
in the group picture of the participants 
but only once as contributor. 

EucenE P. WIGNER 
Department of Physics, 
Princeton University 


Puzzle-Math. George Gamow and Mar- 
vin Stern. Viking, New York, 1958. 
119 pp. Illus. $2.50. 


This is a very enjoyable collection of 
32 amusingly told little stories. Each 
story consists of two parts. The first part, 
printed in ordinary type, leads up to a 
neatly formulated puzzle; the second 
part, printed in italics, presents the 
solution of the puzzle. The ambitious 
reader should lay down the book when 
he has finished the ordinary type; he 
should try to find the solution by him- 
self and, having found it, compare it 
with the italics. In doing so, he will 
learn more and have more fun than the 
lazy reader who reads the italics right 
away. Yet even the lazy reader may de- 
rive a lot. of pleasure and profit from 
these little stories, because they are not 
pointless. There are whimsical details, 
some of which are emphasized by amus- 
ing drawings. Yet behind such details 


there is an essential mathematical prin- 
ciple in some stories, or an instructive 
method of solution or a side glance on 
physics in other stories. Still, the great 
majority of the puzzles are in all details 
accessible to the intelligent layman. Less 
than half a dozen solutions use a little 
high-school algebra, and in some of these 
cases the reader can skip the algebra and 
still understand the main point. 

In such matters, it is difficult to be 
original. Three or four problems were 
new to me. I knew the rest, except cer- 
tain details of presentation; of course, 
details of presentation are important 
here. I saw certain old acquaintances, 
with which friends used to tease me 
when I was an undergraduate, printed 
here the first time. And so the authors 
deserve praise also as collectors of mathe- 
matical folklore. 

G. Potya 
Department of Mathematics, 
Stanford University 


Problema Protivorakovikh Antibiotikov. 
(Problem of Anticancerous Antibi- 
otics.) N. G. Klueva and G. I. Ros- 
kin. Gosudarstvenoi Kontrolnoi Insti- 
tut Sivorotok i Vaksin imeni L. A. 
Tarasevicha, Moscow, U.S.S.R., 1957. 
247 pp. 10 rubles. 


Shortly after World War II, consider- 
able interest was aroused by the work of 
Nina Klueva and Gregory Roskin of 
Moscow, who reported that lysates of 
Trypanosoma cruzi (called “KR” from 
the initials of the authors) inhibited the 
growth of tumors in mice and had bene- 
ficial effects in some patients with can- 
cer. Hauschka [Cancer Research 7, 717 
(1947)] and Belkin [ibid, 9, 560 (1949)] 
could not duplicate the effects in mice, 
although their work included trypano- 
somes from the same source as those 
used is Moscow. Malisoff [Science 106, 
591 (1947)] claimed to have reproduced 
the findings, but his work was shown to 
be faulty. 

Discussion of the KR preparation then 
became enmeshed in political complica- 
tions and disappeared from the Soviet 
medical literature until 1956. This book 
summarizes the investigations and in- 
cludes the findings in the use of the 
lysate in over 100 patients; of these cases 
30 are reported in some detail. Unfortu- 
nately, the data raise more questions 
than they answer. 

Daily intramuscular injections were 
administered for several months to 24 
patients with carcinoma of the lip. The 
authors state that some effect was ob- 
served in 19 patients, and reports are 
presented on nine. Review of these sug- 
gests that these include three acceptable 
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cases of 5-year, and two acceptable cases 
of 3-year, survival without clinical evi- 
dence of cancer. The investigations in- 
cluded 73 patients with breast cancer, 
with some effect claimed in 40 cases; re- 
ports are detailed on ten, and of these 
at least four can be discarded as being 
questionable. These cases are particu- 
larly difficult to interpret, since most 
of these were early neoplasms, diagnosed 
by clinical examination, followed only 
by palpation after biopsy. Study of a few 
patients with easily measurable metasta- 
tic lesions would have been more in- 
formative. 

Personal communications with other 
cancer investigators in the Soviet Union 
indicate that the Klueva-Roskin research 
has been a disappointment. It is note- 
worthy that their latest book lacks the 
imprimatur of the Academy of Medical 
Sciences U.S.S.R., or, indeed, of the 
official publishing house “Medgiz.” Nev- 
ertheless, I am left with an uneasy feel- 
ing that the final chapters on the ly- 
sates of Trypanosoma cruzi remain to be 
written. 

M. B. SuimKkIn 
National Cancer Institute, 
National Institutes of Health 


The Future Supply of Oil and Gas. A 
study of the availability of crude oil, 
natural gas, and natural gas liquids in 
the United States in the period 
through 1975. Bruce C. Netschert. 
Published for Resources for the Fu- 
ture by Johns Hopkins University 
Press, Baltimore, Md., 1958. xi+ 134 
pp. $3. 


Since the United States is vitally de- 
pendent upon a continuing supply of 
petroleum and natural gas, it has been 
heartening, during the last decade, to 
see our traditional complacency regard- 
ing the adequacy of these resources giv- 
ing way to national concern over how 
soon the rates of production will begin 
their inevitable declines. The latest study 
concerned with this problem is the book 
The Future Supply of Oil and Gas, by 
Bruce C. Netschert of the staff of the 
nonprofit organization Resources for the 
Future, Inc. 

This study, which presents no new 
data, consists first of a presentation and 
a review of most of the estimates and 
opinions published since 1950, all of 
which have been attributed to “experts” 
or to “recognized authorities.” Then fol- 
low the estimates. given by the author 
himself: (i) The total crude oil await- 
ing future recovery in the United States 
is of the order of 500 billion barrels, and 
the total future supply of natural gas is 
of the order of 1200 trillion cubic feet. 
(ii) The production “availability” of oil 
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will be 6 billion barrels per year for. the 
year 1975, that for gas will be 20 trillion 
cubic feet per year for the year 1980. 
(iii) The peaks of -production “avail- 
ability” for both oil and gas will occur 
later than the year 1975. (The meaning 
of the term availability, as used by the 
author, is obscure, but he seems to imply 
that we could produce the specified 
amounts if we wished to do so.) 

According to my calculations, the au- 
thor’s “availability” figures for the years 
specified imply a minimum ultimate 
cumulative production of about 450 bil- 
lion barrels for crude oil and about 1500 
trillion cubic feet for natural gas. Since 
these figures are about three times, for 
crude oil, and almost twice, for natural 
gas, those cited only two years ago by 
Wallace E. Pratt [Peaceful Uses of 
Atomic Energy (U.S. Government Print- 
ing Office, Washington, D.C., 1956), vol. 
II, pp. 89-105] on the basis of replies to 
a questionnaire from 22 leaders of the 
petroleum industry, the critical reader 
will wisk to know how so wide a dis- 
crepancy has arisen. To me it seems to 
have been the result of several comple- 
mentary procedures. 

In the first place, the author’s weight- 
ing of “expert” opinions has been ex- 
traordinarily uncritical. The most fla- 
grant example of this has been his 
inclusion in Tables 1, 2, and 4 of a com- 
pletely “wild” figure of a reserve of 1000 
to 2000 billion barrels of oil, given by a 
man having no firsthand knowledge or 
experience whatever in either the ex- 
ploration for or the production of oil 
and gas, while excluding the estimate of 
170 billion barrels of liquid hydrocar- 
bons (which would include about 145 
billion barrels of crude oil) obtained by 
Wallace E. Pratt as representing the 
ultimate reserves (both past and future 
production), figured on the basis of a 
recovery factor of 40 percent of the oil 
in place. The Pratt estimate implies the 
initial existence underground of a total 
of only about 360 billion barrels of crude 
oil. 

The second procedure, which has been 
followed systematically, has consisted in 
choosing for each factor having a range 
of uncertainty that value which will tend 
to maximize the final results. Thus,‘ an 
allusion has been made to the possibility 
of oil occurring to a depth of 65,000 
feet, whereas the greatest depth drilled 
to date is about 22,500 feet. Reference 
has also been made to the possible occur- 
rence of oil in the Precambrian. Simi- 
larly, to maximize the estimate of the 
amount of oil underground, Pratt’s figure 
of 40 percent for the present average 
recovery factor has been rejected in 
favor of the lower figure of 33% per- 
cent; whereas, according to George H. 
Fancher, the average recovery factor for 
Texas, which accounts for about 40 per- 





cent of the total United States produc- 
tion, is now about 46 percent. 

By such procedures the author has ar- 
rived at estimates of reserves, and of fu- 
ture productive capabilities, for both oil 
and gas which, in the light of present in- 
formation, crowd the upper limits of 
plausibility. These conclusions, accord- 
ingly, imply the existence for the next 
several decades of a state of national 
self-sufficiency with respect to petroleum 
and natural gas which may be more illu- 
sory than real. Consequently, should they 
be accepted at face value and made 
the basis for national policy, the results 
could prove to be detrimental to the 
national welfare. 

M. Kinc HusBert 
Shell Development Company, 
Houston, Texas 


Structure Reports, 1951. vol. 15. A. J. . 


C. Wilson, General Ed. International 
Union of Crystallography; Oosthoek’s, 
Utrecht, Netherlands, 1957. viii + 588 
pp. $29. 


This volume maintains the high stand- 
ard of clear and critical description 
which has made the Structure Reports 
series an indispensable reference source 
for chemists, crystallographers, metallur- 
gists, mineralogists, solid-state physicists, 
and all who are concerned with the 
atomic structure of matter. Once again 
we should thank the editors and their 
reporters for their painstaking contribu- 
tion to the problem of encompassing the 
accomplished work in this productive 
field of research. 

Volume 15 is the first of those cover- 
ing the second decade, since volumes 8 to 
13 covered the period 1940-50, taking 
over from Structurbericht, which was 
discontinued after 1939, and volume 14 
is the cumulative index, currently in 
preparation. 

The work of Structure Reports was 
started in 1948, and volumes have ap- 
peared at the rate of one a year since 
1951. As in nearly all branches of sci- 
ence, the amount of work to be reported 
has increased steadily. The editors are 
therefore faced with the dual problem 
of maintaining a steady output and 
bringing the series closer to date. To 
this end it is proposed to increase the 
number of section editors so that groups 
of abstractors can be working simulta- 
neously on successive volumes. This is 
indeed welcome news, for the only limi- 
tation to the usefulness of the Reports 
has been the large gap between them 
and current research. A word of con- 
gratulation to the International Union 
of Crystallography is also in order for 
bringing about this most successful ven- 
ture in international cooperation. Under 
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the new editorial arrangements the met- 
als section will be reported by a group 
from the United States; the inorganic 
section, by a Dutch and a French group; 
and the organic section by a British and 
an American group, while the general 
editor is from Wales. 

G. A, JEFFREY 
Sarah Mellon Scaife Radiation 
Laboratory, University of Pittsburgh 


COWA Survey and Bibliography. Cur- 
rent work in Old World archaeology 
and current publications in Old World 
archaeology. Lauriston Ward, Ed. 
Council for Old World Archaeology, 
Cambridge, Mass., 1957. $4. 


With the announcement of a new serv- 
ice to provide archeological information 
for scholar and layman alike, the Coun- 
cil for Old World Archaeology, a newly 
formed organization, under the direction 
of its editor-in-chief, Lauriston Ward, 
and with the help of area editors, has is- 
sued its first Bibliography and Survey. 
This issue (the first of a biennial series) 
contains 133 pages of compressed infor- 
mation dealing with the areas of Central 
Europe, the Eastern Mediterranean, 
Northwest Africa, Western Asia, North- 
ern Asia, and Indonesia. This eagerly 
awaited publication fulfills the highest 
expectations of the most critical student 
and meets his needs through the schol- 
arship of its editors and their careful 
screening of the material. We are prom- 
ised in the next offering (to be published 
shortly) the Surveys and Bibliographies 
for the British Isles, European Russia, 
West Africa, Southern Asia, and the 
Pacific Islands. Thus, during the cur- 
rent year, one half of the 22 areas of the 
Old World, as divided by the Council, 
will have been covered in this monu- 
mental and laborious project. This vol- 
ume is an essential tool in archeology of 
the Old World, and it would be foolish 
economy not to include it on the refer- 
ence shelf. 

Ratpu S, SoLeckI 
U.S. National Museum, 
Smithsonian Institution 


New Books 


The Systematics of North American 
Daphnia. vol. XIII. Memoirs of the Con- 
necticut Acad. of Arts and Sciences. John 
Langdon Brooks. The Academy and Yale 
Univ. Press, New Haven, Conn., 1958. 
180 pp. $8. 

Person Perception and Interpersonal 
Behavior. Renato Tagiuri and Luigi Pe- 
trullo. Stanford Univ. Press, Stanford, 
Calif., 1958. 412 pp. $7.50. 

Calculus of Variations and Its Applica- 
tions. Proceedings of symposia in applied 
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mathematics, vol. VIII. Lawrence M. 
Graves, Ed. McGraw-Hill, New York, 
1958. 158 pp. $7.50. 

Automatic Control, Principles and 
Practice. Werner G. Holzbock. Reinhold, 
New York; Chapman & Hall, London, 
1958. 265 pp. $7.50. 

The First Ten Years of the World 
Health Organization. World Health Or- 
ganization, Geneva, Switzerland, 1958. 
548 pp. $5. 

Studies on Fossil Vertebrates. Presented 
to David Meredith Seares Watson. T. 
Stanley Westoll, Ed. University of Lon- 
don, Athlone Press, London; Essential 
Books, Fair Lawn, N.J., 1958. 275 pp. 
$5.60. 

Technology of Instrumentation. Eric 
B. Pearson. Van Nostrand, Princeton, 
1958. 202 pp. $4.75. 

The Psychiatric Hospital as a Small 
Society. William Caudil. Harvard Univ. 
Press (for the Commonwealth Fund), 
Cambridge, Mass., 1958. 430 pp. $6.50. 

Mathematical Tables and Formulae. 
F. J. Cramm. Philosophical Library, New 
York, ed. 6, 1958. 144 pp. $2.75. 

Mathematics for the Layman. T. H. 
Ward Hill. Philosophical Library, New 
York, 1958. 343 pp. $4.75. 

Matter, Earth, and Sky. George 
Gamow. Prentice-Hall, Englewood Cliffs, 
N.J., 1958. 606 pp. $10. 

Population: an International Dilemma. 
A summary of the proceedings of the Con- 
ference Committee on Population Prob- 
lems, 1956-1957. Frederick Osborn. Pop- 
ulation Council, New York 17, 1958. 106 
pp. $2. 

An Introduction to Chemistry. Charles 
Compton. Van Nostrand, Princeton, N.J., 
1958. 621 pp. $6.85. 

Life Insurance and Medicine. The 
prognosis and underwriting of disease. 
Harry E. Ungerleider and Richard S. 
Gubner, Eds. Thomas, Springfield, IIl., 
1958. 1012 pp. $16.50. 

The Clinical Physiology of Physical Fit- 
ness and Rehabilitation. Ernst Jokl. 
Thomas, Springfield, Ill., 1958. 211 pp. 
$8.50. 

The Institutions of Advanced Societies. 
Arnold M. Rose. University of Minnesota 
Press, Minneapolis, 1958. 703 pp. $10.50. 

New Dimensions of Learning in a Free 
Society. Seminar addresses, discussions, 
public lectures, inaugural addresses de- 
livered on the occasion of the inaugura- 
tion of Edward Harold Litchfield, twelth 
chancellor, University of Pittsburgh, 9-11 
May 1957. University of Pittsburgh Press, 
Pittsburgh, Pa., 1958. 298 pp. 

Crime and Insanity. Richard W. Nice. 
Philosophical Library, New York, 1958. 
287 pp. $6. 

Physics and Mathematics. vol. 2. D. J. 
Hughes, J. E. Sanders, J. Horowitz, Eds. 
Pergamon Press, New York and London, 
1958. 382 pp. $14. 

Handbuch der Physik. vol. 45, Nuclear 
Instrumentation, II. §S. Fliigge, Ed. 
Springer, Berlin, 1958. 551 pp. DM. 128. 

Annual Review of Plant Physiology. vol. 
9. A. S. Crafts, Ed. Annual Reviews, Palo 
Alto, Calif., 1958. 520 pp. $7. 

Processed Plant Protein Foodstuffs. 
Aaron M. Altschul, Ed. Academic Press, 
New York, 1958. 971 pp. $26. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Tarsal Ligaments of the Spectacled 
Bear. Tremarctos ornatus. Fieldiana: 
Zoology, vol. 39, No. 13. D. Dwight Davis. 
14 pp. $0.40. Notes on Fishes of the Genus 
Brachygobius. Fieldiana: Zoology, vol. 39, 
No. 14. Robert F. Inger. 10 pp. $0.25. 
Mammals of the Kelabit Plateau North- 
ern Sarawak. Fieldiana: Zoology, vol. 39, 
No. 15. D. Dwight Davis. 28 pp. $0.50. 
Orchids of Peru. Fieldiana: Botany, vol. 
30, No. 1. Charles Schweinfurth. 260 pp. 
$4. Chicago Natural History Museum, 
Chicago, 1958. 

Rowett Research Institute, Collected 
Papers. Preface; summary and subject re- 
views. vol. XIV. Reid Library, Rowett 
Research Inst., Aberdeenshire, England, 
1958. 54 pp. Free. 

Review of Medical and Veterinary My- 
cology. vol. 3, pt. 1, March 1958. Com- 
piled from world literature on mycoses of 
man and animals. Commonwealth Myco- 
logical Inst., Kew, Surrey, 1958. 32 pp. 
7s. 6d. 

Improving College Biology Teaching. 
Subcommittee on College Education of 
the Committee on Educational Policies; 
Thomas S. Hall, chairman. Publ. 505. 
Division of Biology and Agriculture, Na- 
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Common Antigens in 
Tissue Culture Cell Lines 


Gey (1) has pointed out that pure 
lines of cancer cells and of normal cells 
from the same species can be grown in 
test tubes in identical media free from 
tissue juices and multiple cell types pres- 
ent in fresh tissue. In such a controlled 
environment, one would expect the pe- 
culiarities of the cancer cell to become 
readily apparent. While many differences 
have been described, critical analysis 
shows that none are unique to the cancer 
cell (2). This is hard to explain since 
cancer cells can cause death when they 
are injected into a suitably prepared 
animal, while fresh normal cells so in- 
jected promptly disappear (3). Appar- 
emly the animal can readily distinguish 
between normal and cancer cells. 

We wish to report the results of anti- 
genic analysis of various tissue-culture 
cell lines by means of the complement- 
fixation test. In these studies, experi- 
mental animals were injected with pure 
cultures of normal or malignant cells 
grown in tissue culture, and differences 
in the immunologic response were 
sought. The results of these tests indi- 
cated extensive sharing of common anti- 
gens by long-term tissue-culture cell 
lines even between cells from different 
species, and this is the subject of this 
report (4). 

Cell lines were grown in synthetic 
medium 199 (5) to which 10 or 20 per- 
cent horse serum was added and were 
injected into 4- to 6-lb white New Zea- 
land rabbits. Immune sera from these 
rabbits were reacted with cell antigens 
grown in medium 199 containing serum 
from a different species. A modified 
Kolmer technique was used with over- 
night fixation, two exact units of com- 
plement titrated in the presence of anti- 
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gen, and two optimal units of antigen 
as determined by block titration with 
homologous antiserum. 

As is shown in Table 1, similar anti- 
gens were found in many long-term 
tissue-culture cells. Antisera prepared 
against HeLa (human epidermoid car- 
cinoma of the cervix), human embryo 
intestine (derived from normal embryo 
tissue), and cynomolgus monkey heart 
(derived from normal adult monkey 
heart) gave almost identical comple- 
ment-fixation titers with all three anti- 
gens. 

These same sera either did not react 
or gave titers eightfold less than against 
the homologous antigen when they were 
tested with antigens prepared from first- 
generation monkey kidney tissue culture 
or fresh monkey heart as shown in Table 
1. Control antigens showed that the cross 
reactions were not due to traces of for- 
eign serum or to the tissue-culture me- 
dium. No agglutinins for sheep red blood 
cells were found in the antisera. Further- 
more, Forssmann antigen was ruled out 
as the common antigen by adsorption of 
the immune sera with sheep red blood 
cells. Adsorption of sera with group A, 
Rh-positive human cells reduced the 
titer but did not remove the common 
complement-fixing antibodies. 

Additional complement-fixation stud- 
ies indicate that other long-term tissue- 
culture cell lines share common antigens 
with the three mentioned above. These 
include Hep-2, a human epithelial car- 
cinoma of the larynx; C-3, a cell line 
derived by Salk from a benign fibro- 
myoma of man: and ERK, embryo rab- 
bit kidney established in tissue culture by 
Westwood. Two additional long-term tis- 
sue-culture lines, human kidney (Chang) 
and human conjunctiva (Chang), are 
less closely related to this group of long- 
term tissue-culture cells. On the other 
hand, additional fresh primary tissue- 
culture cells reacted poorly with anti- 
sera against the long-term tissue-culture 
cells. These include tissue-culture cells 
from rabbit kidney and human heart, 
and rabbit kidney suspension. In this 
group also fall fresh human sympathico- 
blastoma suspension and the long-term 
tissue-culture mouse L cell (Earle). 

The significance of these observations 
is given some support by the fact that 
three separate investigators have ob- 





served similar antigenic crossings be- 
tween HeLa cells and one or more long- 
term tissue-culture lines from other spe- 
cies (6). Interpretation of our findings 
must be guarded because the antigenic 
crossings observed were with sera of 
homologous high titer against a long- 
term cell line, while antisera against 
fresh tissue-culture cells were of ho- 
mologous lower titer. Repeated injection 
of fresh primary tissue-culture cells into 
several rabbits has not produced a single 
high-titer antiserum, in contrast to the 
ease with which high-titer antisera were 
produced by injection of long-term cell 
lines. 

Tissues taken directly from the ani- 
mal, or first-generation tissue-culture 
cells, do not contain in high concentra- 
tion the common antigens found in long- 
term tissue-culture cells. This suggests 
that the common antigens have been 


acquired, accentuated, or changed in | 


avidity during long-term cultivation in 
tissue culture. The fact that one fresh 
human cancer suspension (sympathico- 
blastoma) does not contain the common 
antigen suggests that it is not associated 
with malignancy per se, and the fact that 
Earle’s L cell does not contain it sug- 
gests that it is possible to maintain long- 
term tissue cultures without their acquir- 
ing common antigenic components. 

Several possible theories can be sug- 
gested to explain how long-term tissue 
cultures might acquire common anti- 
gens: (i) contamination of all antigeni- 
cally related cell lines by a common 
tissue culture cell, for example, HeLa 
cells; (ii) loss of species specificity by 
the cell or increase of a component es- 
sential for the free living state upon pro- 
longed multiplication in vitro; (iii) con- 
tamination with a common virus or bac- 
terium; or (iv) possibly, errors in the 
test, or in its interpretation. 

1) Contamination of all the antigeni- 
cally related tissue cultures with a com- 
mon tissue-culture cell is a possible ex- 
planation, Past experience in bacteriology 
and virology has demonstrated many in- 
stances in which accidental contamina- 
tion of laboratory stocks has occurred, 
and this can obviously occur with tissue 
cultures. However, there is evidence that 
this is not the case since the antigeni- 
cally related cell lines differ from each 
other in chromosome number and pat- 
tern and in tumor formation in treated 
rats (3). It is also possible that the cell 
lines are all contaminated with a com- 
mon cell from the serum used in the 
culture medium. This too is unlikely for 
the reasons listed. It could be eliminated 
as a possible source of error in future 
studies by heat inactivation of all sera 
used in the feeding of tissue cultures. 

2) Reversion of cell lines to a com- 
mon primitive cell which has lost part 
of its species specificity through long 
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Table 1. Complement-fixation titer of rabbit 


antigens. TC, tissue culture. 


antisera with various tissue-culture cell 

















Antiserumt 
ag Cyno- Rhesus monkey 
Antigen* and dilution HeLa bryo pt 4 ee 
intes- monkey ‘ 
TC das heart Kidney Heart 
pas- 
sage 200 37 63 1 0 
HeLa (1:8) 6 128} 512 1024 0 4 
Human embryo intestine 
(1:4) 36 64 512 1024 16 32 
Cynomolgus monkey heart 
(1:8) 73 128 512 1024 0 8 
Rhesus monkey kidney 
(Und. ) 1 16 8 32 32 4 
Rhesus monkey heart 
(a+ 1G) 0 + 0 8 0 32 
Controls 
Tissue culture medium 
and antibiotics 0 0 0 0 0 
Horse serum (1:64) 0 0 0 0 0 
Calf serum (1:4 to 1: 1024) 0 0 0 0 0 
Human serum (1:1024) + 0 + 0 0 
Monkey serum (1: 1024) 0 0 0 4 4 





* All cells for CF antigens were grown in calf serum and medium 199 and were standardized to contain 
2.5 x 10® washed cells per milliliter and diluted as indicated to obtain two units of antigen in the dilution 
showing greatest complement fixation with its homologous antiserum as shown by a block titration. 

} All reactions were carried out in the presence of two exact units of complement titered in the presence 
of antigen, Celis for preparation of antisera were grown in horse serum. 

{ Endpoints read from highest dilution tubes showing 3 + or 4 + fixation. 


growth in tissue culture is an intriguing 
concept which would readily explain the 
observed partial or complete antigenic 
cross reactions as well as the morpho- 
logic similarities of long-term tissue-cul- 
ture cells and possibly their relationship 
to malignant cells. That is, if long-term 
tissue-culture cells from various species 
gradually acquire a preponderance of a 
common antigen or antigens as they 
adapt to independent growth in vitro as 
well as the property of unrestrained 
growth in vivo when transplanted back 
to cortisone- and x-ray-treated rats (7), 
then a new laboratory experimental ap- 
proach to study of malignancy may be 
at hand. 

This last hypothesis can be ap- 
proached in two ways: (i) by ruling out 
all other causes of cross antigenicity 
and (ii) by starting new cell lines from 
normal tissue under rigidly controlled 
conditions to prevent contamination and 
observing whether these new lines also 
revert to the common antigenic cell. 
Such studies are now under way. 

3) The third and most likely expla- 
nation for common antigenicity of long- 
term tissue-culture lines derived origi- 
nally from different animal species is 
contamination with a common virus or 
bacterium. To escape detection, such a 
contaminant would have to be resistant 
to the antibiotics in the culture medium 
and should not cause obvious turbidity 
of the medium, should fail to grow in 
routine bacteriological culture media, 
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and should cause no extensive cyto- 
pathogenic changes in the tissue-culture 
cells. We have searched for bacterial 
and viral contaminants by the usual 
methods, but it is not possible to rule 
out the presence of an unknown non- 
cytopathogenic virus or bacterium by 
means of negative tests. A slow-growing 
diphtheroid-like organism in one of our 
tissue-culture lines did not share com- 
mon antigens with the long-term cell 
lines. Pleuropneumonia-like organisms 
(PPLO) have been reported in tissue- 
culture cell lines by Robinson, Wichel- 
housen, and Raizman (8) and are pres- 
ent in our HeLa cell lines. Extensive 
search by Morton and Rothblat (9) has 
revealed PPLO in several but not all 
long-term cell lines maintained in this 
laboratory and in cell lines from other 
laboratories. CF tests with the PPLO 
antigen, T5, isolated from our HeLa 
culture and antisera against the long- 
term tissue-culture cells were all posi- 
tive. Similar tests with a PPLO antigen 
prepared from a laboratory strain of hu- 
man genital origin, O7, were all nega- 
tive. These tests suggested that the con- 
taminating PPLO may be one common 
antigen shared by some long-term cell 
lines. However, adsorption of the long- 
term tissue culture antisera with PPLO- 
T5 did not remove the common anti- 
body for long-term tissue-culture anti- 
gens. This, combined with the fact that 
some of the cell lines did not contain 
PPLO, suggests that these contaminating 


organisms (PPLO) are not the explana- 
tion of the common antigens in long- 
term cell lines. However, cell lines may 
contain different antigenic types of 
PPLO, and this has not been investi- 
gated. 

These studies raise more questions 
than they answer, but two points seem 
to be fairly well established: (i) The 
acquisition of common antigens by long- 
term tissue-culture lines occurs fre- 
quently and crosses species lines. The ex- 
planation for this is not clear although 
several possibilities are offered. (ii) Mod- 
ern tissue-culture media plus antibiotics 
provide an ideal medium for PPLO, 
viruses, and some fastidious bacteria and 
their presence may not be revealed by 
routine bacteriological sterility _ tests 
(10). 

Lewis L. Correct 
Mitton G. Tati 
Heien GASKILL 
South Jersey Medical Research 
Foundation, Camden, New Jersey 
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Phosphorescence in Liquid 
Scintillation Counting 
of Proteins 


Alcoholic solutions of the quaternary 
base Hyamine have been reported by 
Vaughan et al. (1) as being suitable sol- 
vents for amino acids and proteins in 
liquid scintillation counting systems. 
While investigating this Hyamine system 
for the counting of proteins and tissues, 
we encountered, when working with 
larger weights of such substances, a phos- 
phorescence phenomenon, which, if it is 
not eliminated, can cause considerable 
trouble in the counting of samples of this 
magnitude. Fortunately methods are 
available whereby such interference can 
be eliminated or circumvented. 

The substances used were dried rat 
bile, rat liver, and horse serum; whole 
rat muscle; egg albumin, gelatin, Bacto- 
peptone, and trypsin. As much as 100 
mg, and in some cases more, of these 
substances can be dissolved in 3.0 ml of 


199 














——- 

b 

1000} 
gro wgusoc 
s PHOTO 
Py ACTIVATION 
| 
= t\ 
w i ° 
y | 
Ras A 
oo} x ‘ 

+ “ie 
ae \ “essacsans I 
act \ 
B 50} PHOTO DILUTION WITH 
a ACTIVATION TOLUENE 

b 

& : sf ‘ 

40 Ca a 9 ~—«100 








MINUTES AFTER INSERTION INTO WELL 
Fig. 1. Count rate of a trypsin-Hyamine 
solution showing the effects of exposure to 
light and of dilution with toluene. 


Hyamine solution, prepared according 
to the method of Vaughan (J). These 
100-mg protein samples usually required 
heating between 50° and 70° C for pe- 
riods ranging from % hour to several 
hours. Samples were then cooled to room 
temperature, diluted with 10 ml of tolu- 
ene containing 0.5 percent DPO, cooled, 
and counted. All counting was done with 
a Tri-Carb liquid scintillation counter 
operated at 1100 v with channel settings 
6-35 and 6-100. 

It was observed that neither radio- 
active isotope nor scintillation phosphor 
was needed to obtain a tremendous count 
rate. From 20,000 to 300,000 count/min 
was observed with Hyamine-protein- 
toluene solutions of 100-mg portions of 
the proteins mentioned above. This 
count rate decreased regularly but 
slowly. The normal instrumental back- 
ground was reached only after several 
days. (For rate studies zero time was 
taken as start of addition of toluene to 
the protein-Hyamine solution.) It was 
also observed that protein-Hyamine solu- 
tions containing no added toluene (or 
radioisotope) exhibited this slow-decay 
phosphorescence. (For these solutions, 
zero time was taken as time of insertion 
of the cooled sample into the counting 
well of the counter.) In general, the 
magnitude of the count was not as great 
(up to 50,000 count/min) as it was when 
toluene was present. When these protein- 
Hyamine solutions were diluted with 
toluene, alcohol, acetone, dioxane, ether, 
water, or glycerine, the rate was raised; 
the first five substances yielded a count 
rate of several hundred thousand counts 
per minute. The count rate on dilution 
seemed to be an inverse function of the 
viscosity of the diluting solvent; the 
lower the viscosity, the higher the rate. 

The count rate of both the protein- 
Hyamine and _protein-Hyamine-solvent 
solutions could be increased by exposure 
of the solutions to an incandescent lamp. 
The entire phenomenon is shown in Fig. 
1 for 100 mg of trypsin dissolved in 3.0 
ml of Hyamine solution. Here are shown 
the initial count, a photoactivated count, 
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the count after dilution with 10 ml of 
toluene, and another activated count. 
The activation consisted of exposing the 
sample to the light of a 75-w Reflector- 
spot at 25 cm for 1 minute. (Empty 
vials, or vials containing toluene, gave 
no more than a 2-count/min increase 
when they were so illuminated for 5 min- 
utes. ) 

In all cases, the initial count increased 
as sample weight increased. Below a 
concentration of about 10 mg of protein 
per milliliter of Hyamine solution, the 
phenomenon was negligible so that the 
phenomenon described does not invali- 
date the procedure of Vaughan et al. for 
either C14 or H® counting. In several 
of the experiments when the protein- 
Hyamine solution was diluted with 
toluene or other solvent, the initial rate 
started at zero and increased within a 
few seconds to a maximum and decayed 
in the usual way. In all experiments, the 
difference in count rate between the two 
channels soon became constant and 
small, showing the pulse heights of the 
counts to be chiefly below the 35 setting. 
The variation of the rate with photo- 
multiplier voltage was as follows (call- 
ing the rate at 1100 v 1.00): 1020, 
0.26; 1180, 1.35; 1260, 1.28; 1340, 0.88; 
1400, 0.46. 

Debye and Edwards showed that pro- 
teins in alkaline solution exhibit phos- 
phorescence (2). They attributed this 
chiefly to tyrosine and tryptophan. As a 
check, 100-mg portions of these two 
amino acids were allowed to stand with 
3.0 ml of Hyamine solution until solution 
occurred and were then counted after 
addition of toluene. Both of the two gave 
a slight, fairly rapidly decreasing count 
rate: tyrosine, 1500 count/min; trypto- 
phan, 3500 count/min. In about 10 min- 
utes the normal background was ob- 
tained. Exposure of the solutions to the 
Reflectorspot gave no increase in count 
rate for the tyrosine; the tryptophan rate 
increased by 300 count/min. 

Another sample of trypsin, a substance 
which in 100-mg portions in Hyamine 
solution gave a tremendous count rate, 
was dissolved in 1.04 KOH and 
counted. No count was obtained. Hya- 
mine solutions without protein gave. no 
count either alone or when diluted with 
toluene or when exposed to light. Hya- 
mine solutions of sterols, or of amino 
acids other than those mentioned above, 
failed to provide counts. For a given 
Hyamine preparation there seemed to be 
a possible correlation between initial 
count rate and number of hydrolyzable 
bonds. The count rate for equal weights 
of glycine, glycylglycine, glutathione, 
Bactopeptone, and trypsin increased in 
the order given. 

The precise cause of this phosphores- 
cence is not known. Heating of the sam- 
ple may be significant. However, the 





effect can be completely eliminated in 
several ways. As already mentioned, for 
small quantities of proteins the effect is 
inconsequential. The purity of the Hya- 
mine itself is of prime importance. Re- 
peated ‘crystallization of the original 
quaternary chloride from toluene, until 
the filtrate is colorless, yields Hyamine 
which, when it is converted to the qua- 
ternary base in methanol solution, with 
small weights of nonradioactive protein 
and several hours of sample cooling, pro- 
duces only normal instrumental back- 
ground. Large weights of proteins can be 
used if the solution is acidified prior to 
counting. Acidification of a high-count- 
ing protein-Hyamine-toluene solution re- 
duced the count rate immediately to 
normal instrumental background. Such 
acidified solutions can be counted im- 
mediately after acidification. Little or no 
change in counting efficiency results 
from acidification. 


RicHarp J. HERBERG 


Lilly Research Laboratories, 
Indianapolis, Indiana 
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Isometric Twitch Tension of 
Frog Skeletal Muscle as a 
Function of Temperature 


Current work at this laboratory on the 
action of high-intensity ultrasound on the 
twitch contraction of excised frog skele- 
tal muscle makes it necessary to distin- 
guish between temperature and nontem- 
perature effects produced by the sound. 
Therefore a study (1) was undertaken to 
determine the variation in the magni- 
tude of the maximum isometric tension 
and the action potential of excised frog 
biceps muscle at a number of tempera- 
tures in the range 2° to 35°C. Unfortu- 
nately, in the recent literature there ap- 
pears little data on frog skeletal muscle 
twitch tension at temperatures above 
25°C. Walker (2), working at the two 
isolated temperatures 14.5° and 27.5°C 
found different results for in situ summer 
and winter frogs. His experiments on 
excised muscles produced variable re- 
sults, with an indication that twitch ten- 
sion is less at the lower temperature. 
Hill’s well-known results (3) are re- 
stricted to temperatures below 22°C; 
Buchthal’s results (4) on single fibers 
are limited to temperatures up to 26°C, 
The work of early investigators, refer- 
enced later in this report, yielded vari- 
able results. 

The following procedure was used in 
a series of 32 experiments. At an initial 
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temperature of approximately 20°C, the 
muscle was stimulated once every 10 
seconds for a period of 2 minutes, while 
the action potential and isometric ten- 
sion were recorded. The Ringer’s solu- 
tion was then siphoned from the bath 
container, and a solution at a new tem- 
perature was added. After an acclima- 
tization period of 3 minutes at this new 
temperature, the muscle tension and ac- 
tion potential were again recorded. This 
procedure was repeated at a number of 
different temperatures, after which the 
muscle was returned to the initial tem- 
perature of 20°C to check reversibility. 
All muscles were tested at the experi- 
mentally determined “rest length” posi- 
tion. Both curarized and noncurarized 
preparations were studied. An RCA 
5734 transducer tube, in conjunction 
with an amplifier and recorder, was 
used to measure the muscle tension. Iso- 
metric operating conditions were insured 
by the use of a double-spring system in 
association with the transducer tube 
shaft. A copper constantan thermo- 
couple, inserted through the center of 
some of the muscles, indicated the in- 
ternal temperature. The action potential 
was recorded by photographing the trace 
of an oscilloscope screen. 

Electrodes, consisting of silver-plated 
Nichrome pins inserted completely 
through the muscle, were used for both 
stimulation and for picking up electrical 
responses. These electrodes, originally 
intended for the ultrasound experiments, 
were designed as follows. The end of 
each pin, which is fastened to a flexible 
lead, is covered by-a plastic fitting 
against which the muscle rests snugly 
when light pressure is applied by a 
plastic nut which screws on the free end 
of a threaded pin after the pin is in- 
serted through the muscle. This design 
eliminates relative motion between the 
muscle and each electrode, despite gross 
movements of the muscle. In the ma- 
jority of the experiments, wherein both 
the mechanical and electrical responses 
were recorded, the stimulating electrodes 
consisted of a single pair of closely 
spaced pins rather than a series extend- 
ing throughout the length of the muscle. 
In such experiments, the stimulus level 
used was one yielding maximum ampli- 
tude of action potential but not neces- 
sarily maximum isometric tension. The 
results obtained on the mechanical re- 
sponse with such electrodes were checked 
by a number of experiments with stimu- 
lation accomplished by a series of elec- 
trodes with an average spacing of 1! 
mm along the entire length of the mus- 
cle. When this electrode arrangement 
was used, the stimulus level was graded, 
at each temperature, from a value just 
above threshold to one well above that 
yielding maximum isometric tension. 

For temperatures below 20°C, the re- 
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Fig. 1. Amplitude of maximum isometric 
twitch tension and action potential (mac- 
roelectrodes) as a function of tempera- 
ture for the excised frog biceps muscle. 


sults of the experiments reported here 
on maximum isometric twitch tension 
agree with those found in the literature— 
that is, as the temperature decreases the 
amplitude of the tension increases, while 
the speed of contraction or shortening 
decreases. However, for temperatures 


_ above 20°C the amplitude of the iso- 


metric tension again increases, while the 
speed of contraction and relaxation also 
increases. The relation between the am- 
plitude of maximum tension and the 
temperature is indicated in Fig. 1. The 
changes with temperature, over the 
range indicated on the graph, are re- 
versible. Similar results were found on 
both curarized and noncurarized prepa- 
rations. No indications of heat contrac- 
tures were obtained at temperatures up 
to 35°C. Over approximately the same 
temperature range the isometric tetanic 
tension is, according to A. V. Hill (5), a 
monotonic function of the temperature, 
rising relatively slowly. [Hajdu’s reported 
results on tetanic tension (6) exhibit a 
maximum within this same temperature 
range. | 

The electrical measurements show that 
the amplitude of the muscle action po- 
tential, when macroelectrodes are used, 
decreases monotonically with increasing 
temperature over the range 2.0° to 32°C. 
In addition, the “expected” increase in 
conduction velocity and decrease in du- 
ration of electrical response occur with 
rising temperature. These results agree 
with those of Sanderson (7), who worked 
with frog sartorius in the range 4° to 
20°C, and with those of Welkowitz and 
Fry (8), who worked with frog biceps 
muscle, in the temperature range 20° to 
35°C. The increase in electrical conduc- 
tion velocity with increasing tempera- 
ture, determined from our experiments 
on whole muscle, agrees very closely 
with the results of Wilska (9), who 
found a factor of 5.4 for the increase 
in velocity, for single fibers of frog skele- 
tal muscle, as the temperature is raised 
from 0° to 36°C. 

The fact that the action potential 
versus temperature relation follows ‘a 





monotonically decreasing curve with ris- 
ing temperature, while the amplitude of 
the isometric tension versus temperature 
goes through a minimum, is of interest, 
but it does not prove that the action 
potential is unnecessary for initiation of 
the contractile process. The amplitude 
of the action potential over the entire 
temperature range studied may always 
be much greater than the minimum elec- 
trical stimulus required to initiate a me- 
chanical response. 

The isometric tension curve of Fig. 1 
is of interest in regard to present theories 
on the variation of the amplitude of 
twitch tension with temperature. The 
problem, as formulated up to the pres- 
ent time, has been to explain why the 
isometric tension decreases with increas- 
ing temperature, the highest tempera- 
tures generally considered being not 
much over 20°C. The explanation usu- 
ally given is that at the higher tem- 
peratures the relaxation process over- 
comes the contraction process before full 
tension can be reached (3, 10). Since the 
duration of the active state is approxi- 
mately halved for each 10°C rise in tem- 
perature, there is insufficient time for 
completion of internal shortening before 
decay of the active state (relaxation) be- 
gins (11). Theories based on such a hy- 
pothesis are inadequate for explaining 
the increased tension, at temperatures 
above 20°C, found in the authors’ ex- 
periments. 

Gad and Heymans (/2), in 1890 re- 
ported results similar to those reported 
here on the variation of maximum 
twitch tension of excised frog skeletal 
muscle over the temperature range 0° 
to 30°C [see also Kaiser 1896 (13), 
Brodie 1898 (14), Carvallo and Weiss 
1900 (15), de Boer 1915 (16)]. Unfor- 
tunately, Bernstein (17) attributed Gad 
and Heymans’ results on increased ten- 
sion at temperatures above 20°C to a 
threshold effect. The results of the ex- 
periments described here, in which mul- 
tiple electrodes and supramaximal stim- 
ulation were used, definitely indicate 
that the increased isometric twitch ten- 
sion at high temperatures is not a thresh- 
old effect. Work is now under way on a 
study of the form (tension as a function 
of time) of the isometric twitch response 
at temperatures above 20°C, in order to 
provide additional information on the 
behavior of isometric tension with tem- 
perature. 

ELIzABETH KELLY 
W. J. Fry 
Biophysical Research Laboratory, 
University of Illinois, Urbana 
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Deoxyribonucleic Acid 
Synthesizing Cells in Peripheral 
Blood of Normal Human Beings 


Neoplasia, aplasia, and metaplasia are 
problems of great importance in medi- 
cine today. The mechanism of develop- 
ment of diseases involving these processes 
is unknown, and treatment is unsatisfac- 
tory. Perhaps this is not surprising since 
the mechanism of control of normal cell 
destruction and renewal is also obscure. 
The development of tritium-labeled thy- 
midine, a specific deoxyriboside precur- 
sor of deoxyribonucleic acid (DNA), by 
W. L. Hughes (/) provided a powerful 
tool for the in vivo and in vitro study of 
cell turnover in man and animals, Indi- 
vidual cell histories can be followed 
easily using histoautoradiographic tech- 
niques (2). A review of earlier studies 
on protection against radiation-induced 
aplasia of the marrow (3) led to the 
hypothesis that totipotential primitive 
mesenchymal cells may be circulating 


under normal conditions. If this were in 
fact true, one might expect some of these 
cells to be actively synthesizing DNA 
preparatory to later mitosis. The in vitro 
studies reported here were designed to 
investigate this hypothesis (4). 

Six healthy males 28 to 45 years of 
age with peripheral blood counts within 
normal limits were selected. Nine milli- 
liters of blood from the antecubital vein 
were withdrawn under sterile conditions 
and placed immediately into 2 ml of a 
solution of normal saline containing 5 
percent dextran, 2 mg of heparin, and 
tritiated thymidine. Dextran was used to 
accelerate erythrocyte sedimentation and 
to allow easy concentration of white 
cells (5). Tritium-labeled thymidine 
with a specific activity of 390 mc/mmole 
was added such that the final dilution 
was 2 uc/ml. The blood was allowed 
to incubate for 1 hour at room tempera- 
ture, during which time the erythrocytes 
settled. The supernatant was withdrawn 
and centrifuged at 200g for 10 min- 
utes. The cells were then resuspended 
to a concentration of 100,000/mm!%, and 
smears were made. The smears were 
fixed in absolute methyl alcohol, and 
stripping film was placed over the prepa- 
rations as described by Pelc (6). The 
film was developed, and the autoradio- 
graphs were read after 15 days’ expo- 
sure. Some smears from each sample 
were stained with Feulgen’s stain prior 
to application of the photographic film; 
others were stained through the stripping 
film with Wright’s stain after the film 
had been developed. Five thousand 
white cells of each individual were 
enumerated to determine the percentage 
of labeled cells. A 500-cell differential 
was done on each individual. 

The results are summarized in Table 
1. Labeled cells were found in the blood 
cell concentrate of all individuals stud- 
ied. Between 10 and 60 grains were 
counted above each labeled cell. In 
terms of the total white cell count of 
the concentrate, the number of labeled 
cells amounted to 0.06 percent or less. 
A typical labeled cell is shown in Fig. 1. 


Table 1. Labeled cells in white cell concentrates from the blood of normal human beings. 





Differential counts of 
cell concentrates (% ) 





Labeled cells 

















Subject Seg- icenien Percentage 
=e. mented Lymphocytes Mono- age of as 
leuko- Leiwe Small cytes total itioas 
cytes cells 
cells 
1 62 7 24 7 0.06 0.4 
2 78 3 16 3 0.04 0.7 
3 68 il 18 3 0.02 0.1 
4 52 25 21 2 0.06 0.2 
5 56 13 29 2 0.06 0.4 
6 67 14 16 3 0.06 0.4 
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Fig. 1. Large mononuclear cell labeled 
with tritiated thymidine, found in- the 
peripheral blood of a normal human 
being. 


Labeling was seen only in large mono- 
nuclear cells identified as monocytes, or 
large- and medium-sized lymphocytes. 
No labeled cells of the myeloid series 
and no labeled typical small lympho- 
cytes were found. 

The existence in the peripheral blood 
of man of a small percentage (but large 
absolute number) of circulating leuko- 
cytes that have the capacity to synthe- 
size new DNA has been demonstrated. 
The synthesis of DNA is presumptive 
but not direct evidence that the cell is 
destined to divide if given proper con- 
ditions for seeding, since present beliefs 
are that intracellular DNA is synthesized 
only in preparation for cell division. We 
consider these cells to be predominantly 
the classical monocyte. Some resembled 
large lymphocytes. The monocyte is a 
phagocytic cell. We, among others, have 
long considered this cell to be a tissue 
histiocyte in transit. Does the capacity 
to synthesize DNA and presumably di- 
vide indicate that this cell is in reality 
a totipotential primitive mesenchymal 
cell, or does it merely indicate that this 
cell has the capacity to propagate itself? 
This fundamentally important question 
has not yet been answered by direct ex- 
periment. The present studies neither 
support nor refute the contention of 
Bloom (7), Farr (8), and Yoffey (9) 
that lymphocytes may be totipotential 
cells that are in continual transport to 
the marrow and become transformed 
into other blood cell lines. Initial in vivo 
studies with human beings, to whom 
tritium-labeled thymidine was admin- 
istered, resulted in the labeling of essen- 
tially no small lymphocytes in the pe- 
ripheral blood, although a small number 
of labeled large mononuclear cells were 
found (10). 

It is clear from current studies of pa- 
tients with blood dyscrasias that, with 
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the same techniques reported here, it is 
possible for large numbers of cells in the 
peripheral blood to take up tritium- 
labeled thymidine. With the normal in- 
dividuals, increase of the incubation 
time with tritium-labeled thymidine up 
to 24 hours did not increase the per- 
centage of labeled cells. It thus appears 
reasonable that in the normal individual 
only a very small percentage of the cells 
of the peripheral blood are synthesizing 
DNA, and these presumably are capable 
of division. However, the average human 
being of 60 kg with 7 percent blood vol- 
ume and 7000 leukocytes/mm has ap- 
proximately (0.06 x 7000 x 4200 x 1000) / 
100, or approximately 18x 10® poten- 
tially dividing cells in the peripheral 
blood at one time and presumed to be 
in transit. 

The findings that histiocytes, or spe- 
cific cells of the reticuloendothelial sys- 
tem, may be multipotential in character, 
and may be transported to needed sites 
normally via the blood stream, is perti- 
nent in connection with protection 
against X-radiation by parabiosis (//) 
and by regionally fractionated exposures 
(12). In the later experiments, exposure 
of one-half of the body only was fol- 
lowed in a few minutes by exposure of 
only the other half of the body. Mor- 
tality was less than it was in animals 
that received equivalent single-dose 
total-body irradiation. Normally circu- 
lating multipotential cells would explain 
these findings. The hypothesis is sup- 
ported by estimates that only a very few 
intact cells are required to repopulate 
a radiation-depleted marrow population 
(i?) 

V. P. Bonn, E. P. CronxIte, 

T. M. Firepner, P. ScHorK 
Medical Department, Brookhaven 
National Laboratory, Upton, New York 
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Two Syndromes Caused by 
Sweetpotato Viruses 


Unpublished studies on the nature, 
host range, and seasonal development of 
the sweetpotato virus complex have dis- 
tinguished two distinct virus syndromes, 
those of feathery mottle and internal 
cork. 

In insect transmission experiments be- 
gun in 1954, of which a preliminary re- 
port was published (1), the aphids My- 
zus persicae (Sulz.) and Macrosiphum 
solanifolil (Ashm.) transmitted a virus 
from sweetpotato to sweetpotato that 
was distinguished by chlorotic spots on 
the foliage, which are typical of the in- 
ternal cork syndrome. The aphids picked 
up the virus from two sources: (i) plants 
of the Porto Rico variety showing the 
internal cork .virosis and (ii) plants of 
a Russian sweetpotato (plant introduc- 
tion No. 105945) showing the feathery 
mottle virosis. 

On the basis of the “flush of growth” 
indexing technique (2), which requires 
about 2 months, there was 100 percent 
transmission of the chlorotic spot symp- 
tom of the internal cork syndrome. Since 
the syndrome caused by the feathery 
mottle virus did not appear in plants 
inoculated with aphids fed on plants of 
the Russian sweetpotato, it appeared 
that the aphid was not the vector of the 
virus. 

On the basis of the necrotic root symp- 
tom (1) of the internal cork syndrome 
(after storage of roots for 6 months at 
temperature of 75°F and at 90 percent 
relative humidity) there was approxi- 
mately 20-percent transmission, both by 
insects and by grafting, under greenhouse 
conditions. The very mild root-symptom 
expression and the low percentage of in- 
cidence must be balanced against the 
fact that 100 percent of. the roots pro- 
duced some sprouts showing the same 
virus syndrome. It appears that the de- 
velopment of root symptoms requires a 
longer incubation period, or multiple in- 
oculations such as undoubtedly occur in 
the field. 

Further studies revealed that there is 
a definite but limited amount of natural 
transmission of the feathery mottle virus 
in the field. Such transmission is re- 
vealed only after harvest, in the sprout 
growth of the bedded, infected roots. 
The 1957 season was unusual because 
it stimulated an extended vegetative 
growth throughout September, after the 
growth had come to a halt during the 
summer drought in August, and there 
was positive evidence of current-season 
transmission of feathery mottle virus 
(Fig. 1B). Moreover, when the “flush 
of growth” technique (2) was used 
in the greenhouse with material har- 
vested from the field, there was a much 
higher incidence of infection thar is 


normally observed. The current-season 
symptoms, which appeared only on the 
terminal growth, were similar to those 
reported by Sheffield (3) and could be 
manifestations of the same disease. 

A very important feature of the ear- 
lier transmission experiments involving 
internal cork was the discovery that the 
original source plant of feathery mottle 
virus (Russian sweetpotato, P.I. 105945) 
also contained the internal cork virus, or 
viruses, and that only the cork virus was 
transmitted by aphids. This feathery 
mottle source plant, which descended in 
a clonal line from plants used by Doo- 
little and Harter (4) in their work on 
feathery mottle and which was listed by 
them as No. 029878, also exhibited 
typical chlorotic spot of the internal 
cork virus syndrome, and this symptom 
has been constantly present in this seed- 
ling in subsequent studies. 

That sweetpotato P.I. 105945 carried 
both viruses may possibly account for 
the fact that Webb (5) and Webb and 
Larson (6) were able to obtain chlorotic 
spotting in plants inoculated with virus 
from their feathery mottle source plants 
by means of the aphid vector and also 
by mechanical means. Even though 
sweetpotato P.I. 105945 has been used 
in numerous experiments, it has not yet 
exhibited the necrotic, internal cork root 
symptom, perhaps because of its immu- 
nity from expression of the necrotic root 
spotting phase of this syndrome. 

During a sweetpotato virus disease-sur- 





Fig. 1. Current-season symptoms on Porto 
Rico sweetpotato leaves in two syndromes: 
(A) internal cork; (B) feathery mottle. 
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vey in 1955-57, made in about 20 states, 
the syndromes here described were en- 
countered side by side in the field in 
three states: in Georgia in 1955 and in 
California and New Jersey (7) in 1957. 
In Georgia the Porto Rico variety and 
several seedlings were observed to be in- 
fected with feathery mottle. In Cali- 
fornia, feathery mottle was found on 
Red Velvet, a pigmented selection from 
Porto Rico. In New Jersey the affected 
variety was Georgia Red. In all cases in 
other states the “yellow dwarf” symp- 
tom description of common use in Cali- 
fornia was found to be generally appli- 
cable. 

Incidentally, two similar sweetpotato 
disease syndromes caused by viruses are 
known in other countries. The Russian 
sweetpotato P.I. 105945 exhibits both 
syndromes. Sweetpotato root material 
from Israel exhibited both the cork and 
the feathery mottle syndromes and, when 
indexed, was apparently identical with 
the United States material. 

Sheffield (8) reported that at least two 
viruses, designated A and B, attack sweet- 
potatoes in East Africa. Virus A, found 
only in one locality, caused a relatively 
mild disease and was transmitted by 
Myzus persicae. Virus B was widespread 
throughout East Africa and was trans- 
mitted by a white fly (Bemisia tabaci 
Genn.). There are a number of strains 
of virus B, the mildest of which may 
cause no symptoms in some sweetpotato 
varieties, whereas the others cause ex- 
tremely severe diseases. Infection with 
virus A did not protect a plant from in- 
fection by virus B, but infection with a 
mild strain of virus B protected against 
infection by a severe strain of virus B. 
Neither virus was transmitted mechani- 
cally to healthy sweetpotatoes. Sheffield 
conjectured that virus A might be the 
same as one of the sweetpotato viruses 
in the United States but considered virus 
B to be distinguished from them by its 
insect vector, the white fly. However, we 
do have an as yet unidentified insect 
vector for the feathery mottle American 
counterpart, to judge by the spread of 
this disease in nature. 

In an earlier report Sheffield (9) 
noted that in some cases there was no 
obvious stunting by virus B, “the symp- 
toms being confined to mottling, or one 
runner only may be affected or one 
branch only of one runner. It is prob- 
able that the stunted forms are primary 
infections (i.e., they arose from infected 
vines), the milder forms being secondary 
(or new) infections.” 

The appearance of similar current- 
season symptoms at Beltsville, Mary- 
land, in 1957 in the syndrome caused by 
our feathery mottle virus confirms her 
finding on virus B, It would appear that 
differences in the climate or environ- 
ment of the continents and the effect of 
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these differences on the agents of dis- 
semination might account for the ap- 
parent discrepancies in the disease syn- 
dromes caused by similar viruses, but 
the possibility of specific differences ex- 
ists. The latter view is supported in the 
recent report by Sheffield (3), who de- 
scribes the transmission of sweetpotato 
virus to other hosts (several species of 
Ipomoea and of the family Solanaceae) 
by mechanical inoculation, by graft, and 
by means of white flies. 

E. M. Hitpesranp 
Crops Research Division, 
U.S. Agricultural Research Service, 
Beltsville, Maryland 
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Thorium Content of Ocean Water 


Two samples of ocean water from the 
Pacific, one collected at the surface, near 
the coast, outside San Diego Bay in the 
summer of 1956, and the other taken at 
a depth of 3500 m from longitude 124° 
41.0’ W, latitude 33° 54.5’ N on 25 
March 1957, have been analyzed for 
total thorium alpha activity. 

Each sample was approximately 25 
liters in volume. Three hundred milli- 
liters of concentrated HCl, 25 ml of 
0.18M Fe(NO,), solution, and approxi- 
mately 5000 count/min of Th?** beta 
tracer were added to each sample at the 
time of collection. The samples (in poly- 
ethylene containers) were stored for sev- 
eral weeks before they were analyzed. 

The method of analysis was as follows. 
To carry the thorium, ferric hydroxide 
was precipitated by adding slight excess 
of ammonium hydroxide to the sample 
solution. The hydroxide precipitate was 
dissolved in dilute hydrochloric acid. 
Nitric acid and perchloric acid were 
added to the solution, which was then 
evaporated to fumes of perchloric acid. 
Addition of hydrofluoric acid and re- 
peated fuming served to remove silica. 
The final solution was diluted to de- 
crease the concentration of perchloric 
acid to 3N and was then transferred to 
a 4- by 100-mm Dowex-50 resin column 
to separate the thorium from carrier and 
extraneous ions (/). The thorium on the 





column was washed repeatedly with 3N 
hydrochloric acid. It was then eluted 
from the column with 0.5M oxalic acid. 
This eluant was treated with nitric acid 
and perchloric acid, heated to fumes of 
perchloric acid three times, diluted, and 
again transferred to the resin column. 
After washing with 3N hydrochloric acid, 
the carrier free thorium was eluted with 
0.5M oxalic acid, and the eluant was 
collected on a tantalum plate. The plate 
was taken to dryness under a heat lamp, 
flamed, and counted for alpha and beta 
activity. The beta count served to deter- 
mine the fraction of added Th?%* which 
was recovered. From the observed alpha 
activity the total thorium alpha activity 
in the sample was calculated assuming 
complete exchange of thorium with the 
Th?5 tracer. 

In each of the samples analyzed, ad- 
ditional thorium was obtained from the 
first eluant and hydrochloric acid wash- 
ings by taking these through further per- 
chloric acid fumings and resin-column 
treatments. These second fractions of 
thorium which were separated from the 
surface water and deep ocean samples 
are designated below as S-2 and D-2, 
respectively. 

Samples were counted on an alpha 
proportional counter at 5l-percent ge- 
ometry. The observed activities, cor- 
rected for yield, geometry, background, 
and reagent blank, are listed in Table 1. 

The half-life values of Th?8?, Th?%°, 
Th228, and Th??? (the only thorium 
alpha emitters which occur naturally) 
are 1.39 x 102° years, 80,000 years, 1.90 
years, and 18.6 days, respectively. Using 
these values, we calculate the following 
upper limits of concentration of thorium 
isotopes in the deep ocean sample (2): 
Th282, less than 5 x 10-21 g/ml; Th?2°, 
less than 3 x 10-16 g/ml; Th?228, less than 
7x 10-71 g/ml; Th?2’, less than 2 x 10-2 
g/ml. 

Some information concerning the ap- 
proximate isotopic composition of the 
thorium which was isolated from our 
surface water sample was obtained by 
observing the change in its alpha ac- 
tivity with time. The data for sample 
S-2 are shown in Table 2. The growth 
of alpha activity during the first 20 days 


Table 1. Thorium alpha activity in Pacific 
Ocean water. 





Th alpha 





tne 
otek tracer activity 
P recovered  (disintegra- 
(%) tion/hr liter) 
Surface 
Fraction S-1 10 9. (#2) 
Fraction S-2 40 9.6 (+ 0.5) 
Deep ocean 
Fraction D-1 28 0.3 +0.3 
Fraction D-2 45 0.4 +0.4 
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Table 2. Alpha activity in thorium iso- 
lated from surface water, sample S-2. 











Elapsed Total alpha activity in 
tame sample 
after (disintegration/hr liter) 
chemical 
processing 
(day) Observed Calcd. 
0 9.6 (+0.5) 
3 13.5 (+ 1.0) 15.95 
4 15.2 (+0.9) 14.6 
7 16.6 (+ 0.6) 16.7 
18 18.5 (+0.6) 19.0 
21 19.1 (+0.6) 
35 18.7 (+0.6) 18.3 
73 16.7 (+ 0.6) 16.0 
161 14.8 (+ 0.6) 14.3 
221 13.7 (+0.5) 13.7 
363 12.8 (+ 0.5) 





indicates the presence of Th??? or Th??8, 
or both. 

The fact that the activity at 73 days 
is higher than the initial activity shows 
that Th228 is present. If we represent 
the initial activities (in disintegrations 
per hour per liter of water) of the in- 
dividual nuclides by Apy22, Apps, and 
so forth, we may write for the total in- 
itial alpha activity 


9.6= A gyms + Apy200 + Apes + A py 


At 363 days over 99.99 percent of Th??? 
and daughters will have decayed. Allow- 
ing for Th?28 and daughter activity 
growth and decay during the 363-day in- 
terval (3) and assuming 100 percent 
Rn22° retention, we write for the total 
alpha activity at 363 days 


12.8 = App 22 + A py230 + 3.5 Any 


At 21 days the activity of Th??® and its 
daughters will be 4.84 times the initial 
Th228 activity (3). The activity of Th??? 
and its daughters will be 2.31 Arps. 
Hence we write for the activity at 21 
days 


19:1= Appsse =e Ayn, 20 + 
4.8 Apy28 + 2.9 Aye 


Solving the above equations, we find: 


Ap or = 1.6 disintegration/hr liter 
Aj,28 = 1.9 disintegration/hr liter 
Any,202 + Anqy,200 = 6.1 disintegration/hr liter 


Calculated total alpha activities at vari- 
ous times for a sample which initially 
had this composition are shown in Table 
2 alongside the observed activities in 
the S-2 surface sample. The calculated 
and observed values are in good agree- 
ment, 

Taking the uranium content (4) of 
ocean water as 3.0x 10-® g/liter (Apzs 
=130 disintegration/hr liter), we see 
that in both samples the Th?%° content 
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is far below the amount required for 
secular equilibrium with the U?38 pres- 
ent. In the surface water we find 5 per- 
cent or less of the equilibrium quantity 
of Th?8°; in the deep sample less than 
1 percent of the equilibrium amount. 

The equilibrium Th??? activity cor- 
responding to a uranium content of 
3.0 x 10-® g/liter is 6 disintegration/hr 
liter. A comparison with the experimen- 
tal values listed above shows that the 
Th??? concentration in both the deep 
water and surface water samples is also 
below its equilibrium concentration with 
respect to U2%5, indicating that not only 
Th?°° but apparently also Pa? or Ac?227, 
or both, are precipitated with the sedi- 
ments. 

Using the value 1.3 x 10-18 g/liter for 
the radium (5) content of deep ocean 
water, we calculate Ap,2s=17 disinte- 
gration/hr liter. Hence, for the deep 
sample, 


Ary,200/ Ap gese < 0.05 


az 


The radium content of the water is far 
in excess of the amount which can be 
supported by the Th?%° which is present. 
Koczy, Picciotto, Poulaert, and Wilgain 
(2) report a similar situation in their 
Skagerak and Gullmerfjord samples. 
They suggest that the excess radium 
may arise from redissolution of radium 
originating from Th?°° in the sediments 
(6). 

WituaM M. Sacketr 

Herspert A. Potratz 
Department of Chemistry, Washingion 
University, St. Louis, Missouri 

Epwarp D. GoLpBERG 
Scripps Institution of Oceanography, 
University of California, La Jolla 


References and Notes 


1. J. W. Barnes, E. J. Lang, H. A. Potratz, U.S. 
Atomic Energy Comm. Rept. LA-1845 (1955). 

. These data on the deep ocean sample are in 
essential agreement with values reported re- 
cently by F. F. Koczy, E. Picciotto, G. Pou- 
laert, and S. Wilgain for samples of coastal wa- 
ters collected in the Skagerak and Gullmerfjord 
[Geochim. et Cosmochim. Acta 11, 103 (1957)]. 
The total thorium alpha activity in our surface 
water sample, however, is considerably higher 
than the average value reported by Koczy et 
al, Our surface water sample was collected near 
the coast and may not be a truly representative 
specimen of ocean surface water. 

3. The growth factors 3.5, 4.8, and 2.3 were cal- 
culated by the method of H. Bateman [Proc. 
Cambridge Phil. Soc. 15, 423 (1910)]. Tables 
of these values for the naturally occurring 
radioactive series have been published by H. 
W. Kirby [Anai. Chem. 26, 1063 (1954) ]}. 

4. M. Nakanishi, Bull. Chem. Soc. Japan 24, 36 
(1951) ; E. Rona, L. O. Gilpatrick, L. M. Jeffy, 
Trans. Am. Geophys. Union 37, 697 (1956) . 

5. H. Faul, Ed., Nuclear Geology (Wiley, New 
York, 1955), p. 116. 

6. Contribution from the Scripps Institution of 
Oceanography, New Series No. 1008. This in- 
vestigation was supported in part by a fellow- 
ship grant from the Aluminum Company of 
America to W. M. Sackett and was aided 
further by facilities provided by the Los Ala- 
mos Scientific Laboratory and by funds sup- 
plied under contract No. AT(11-1)-581 be- 
tween Washington University and the U.S. 
Atomic Energy Commission, 


19 February 1958 


9 


Relationship between Rate of 
Photosynthesis and Growth of 
Juvenile Red Salmon 


Bare Lake, a 120-acre unstratified lake 
on Kodiak Island, Alaska, was fertilized 
annually during the period 1950-56 with 
inorganic nitrate and phosphate fertiliz- 
ers. The total amount of fertilizer added 
each year was calculated to increase the 
concentration of phosphate phosphorus 
and nitrate nitrogen by approximately 
0.05 and 0.25 mg/liter, respectively. 

The purpose of fertilization was to 
determine whether this process will 
bring about an increase in the food sup- 
ply of red salmon (Oncorhynchus nerka) 
during their lake residence, and thereby 
increase their growth and survival rate 
prior to their migration to sea, which 
may occur during the beginning of their 
second, third, or fourth year of age. 
Studies have demonstrated that fertiliza- 
tion during the years 1950-53 increased 
the rate of photosynthesis of the phyto- 
plankton and increased phytoplankton 
production (/). 

Phytoplankton are utilized by a variety 
of benthic insect larvae and zooplankton 
upon which the fish have been observed 
to feed. That these organisms have in- 
creased in production is strongly sug- 
gested by the fact that growth of young 
red salmon has increased since 1950 
(Fig. la). The seaward-migrating red 
salmon, generally referred to as smolts, 
received no benefit from this fertiliza- 
tion in 1950, for they migrated prior to 
the July application and the juveniles 
during their first growing season prob- 
ably received very little benefit by 27 
August, the date their growth was cal- 
culated. 

To obtain information about the size 
of red salmon smolts prior to 1950, meas- 
urements of scale radii were taken of 
smolt scales for the years 1950-53 and 
of the fresh-water zone scales from adult 
salmon that returned to the lake from 
the smolt migrations of 1947 through 
1953. A significant correlation was found 
between the scale radii and fork length 
of smolts, and it was found that the 
fresh-water zone scale radii of adult red 
salmon were equal to or greater than 
scale radii measurements from samples 
of the smolts producing the adults. Since 
the scale radii of adult red salmon re- 
turning from the smolt migrations of 
1947-49 were slightly smaller than those 
returning from the smolt migration of 
1950, this is good evidence that the 
smolts of those years were no larger than 
those of 1950. 

Thus, it appears that fertilization has 
brought about an increment in fish 
growth that has to date been rather pro- 
gressive over the years. It is important 
to note that during the period no in- 
crease in growth of red salmon occurred 
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Fig. 1. (a) Curves showing the mean 
length of juvenile red salmon on 27 Au- 
gust of their first growing season and of 
red salmon smolts migrating to sea in the 
beginning of their 2nd, 3rd, and 4th year 
of life for the years 1950-56. (b) Curves 
showing the mean rate of gross photosyn- 
thesis during the years 1949-56 for the 
40-day periods following the June and 
July fertilization. Also presented is a curve 
of the average of the two periods. Points 
on the curves marked by x’s denote the 
values are estimated or partly estimated. 
(c) Scatter diagrams showing the rela- 
tion between gross photosynthesis and fork 
length for each age group of fish. Regres- 
sion lines are drawn by inspection. 
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in nearby unfertilized Karluk Lake.. Be- 
cause of the long life cycle of red sal- 
mon, data are not yet sufficient to dem- 
onstrate whether fertilization has in- 
creased the fresh-water survival. 

The rate of growth of fish is very 
sensitive to influence by the food sup- 
ply. Although plankton and bottom 
fauna have been sampled regularly, the 
time-consuming censuses have not yet 
been completed. However, data are 
available on the primary productivity as 
measured by the rate of photosynthesis 
of the phytoplankton (Fig. 1b). These 
measurements were made by the method 
originally described by Gaarder and 
Gran (2). 

No actual determinations of rate of 
photosynthesis were made in 1949, but 
a few determinations were made prior 
to the July fertilizations of 1950 and 
1951, years when the lake was not fer- 
tilized in June. On the basis of measure- 
ments made during those periods (/), it 
is believed the mean rate of oxygen pro- 
duction would not have exceeded 0.12 
mg/liter per day and may well have 
been about 0.06; the latter figure is 
plotted as the rate during 1949 and dur- 
ing June of 1950 and 1951. Following 
the 1951 season the same amount of 
fertilizer was used as before, but it was 
applied during two periods, June and 
mid-July. 

A cursory comparison of the curves of 
seasonal rate of photosynthesis and size 
of fish reveals a certain correspondence 
between them (Fig. la and b). To show 
the relation more clearly, diagrams were 
made (Fig. 1c). It was thought that 
three periods in time would be of im- 
portance in affecting the population size 
and growth of the new crop of insect 
larvae hatching in early summer and 
which would be fed upon by the young 
juvenile red salmon that had hatched 
earlier that spring. The period following 
July fertilization of the year prior was 
considered important to the survival of 
the brood stock of insect larvae which 
was to produce the new generation to be 
utilized by the fish. Periods following 
both the June and July fertilizations 
would influence the growth and survival 
of the newly hatched larvae. Thus, in 
Fig. 1c the length the first-year juvenile 
salmon attained each year is plotted 
against the mean rate of photosynthesis 
after the June and July fertilizations of 
that year and the period following the 
July fertilization of the preceding year. 
All three periods were weighted equally 
in establishing the mean. In a somewhat 
similar manner, smolt size was plotted 
against the mean rate of photosynthesis 
over those periods mostly responsible for 
the development of insect larvae upon 
which the fish feed during their lake 
residence. 

It might be supposed, since so many 
steps exist between the original synthesis 





of food materials by the phytoplankton 
and growth of fish, and since fish are 
affected by so many environmental fac- 
tors in addition to food supply, that a 
significant correlation would not exist. 
Nevertheless, the growth of smolts 
showed a very close relation with the 
rate of photosynthesis (Fig. 1c). The 
relationship with juveniles at the end of 
their first growing season is weaker. 
However, the figures indicate a much 
closer relation between fish growth and 
primary photosynthetic productivity than 
might have been expected a priori (3), 

Puiuip R, Netson 
U.S. Fish and Wildlife Service, 
Washington, D.C. 
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Role of Cyanoacetic Acid in 
Production of Lathyrism in 
Rats by B-Aminopropionitrile 


B-Aminopropionitrile (BAPN) is the 
toxic factor in Lathyrus odoratus meal 
which produces lathyrism in young rats 
(1, 2). The mechanism by which BAPN 
exerts such profound effects on meso- 
dermal tissue is not known. Metabolic 
studies have been performed with BAPN 
in order to gain some knowledge con- 
cerning its toxicity. During these investi- 
gations, an acidic metabolite of BAPN 
was discovered in phenol extracts of rat 
urine. This metabolite has been isolated 
from the urinary phenols and crystal- 
lized (3). The chemical structure of the 
crystalline derivative has proved to be 
cyanoacetic acid (4). Following an in- 
jection of C* cyano-labeled BAPN into 
rats, 80 to 90 percent of the radioactive 
material is excreted within 20 hours. 
Approximately 40 percent of the activity 
is in unchanged BAPN, and 25 to 30 per- 
cent can be recovered in cyanoacetic 


Table 1. Changes observed in rats follow- 
ing the feeding of aliphatic amines or 
nitriles. 





No. Wt. Gross 





Assay Chemical of gain alter- 
ingested rats (g) ations 
1 None 3 (0) 2.9 None 
2 HOOCCH,C=N 4 (0) 2.8 None 
3  NH,COCH,C=N 4 (0) 2.8 None 
4 None 6 (0) 2.6 None 
5 CH,CH,NH 6(0) 26 None 
6 HOCH,CH,NH, 6(0) 25 None 
7 CH,CH,C=N * 6(0) 25 None 
8 NH,CH,CH,C=N 6(4)* 18 + 





* Rats died during period of feeding. 
+ Gross alterations: Femur, fibrous proliferation, 
6; Vertebra, kyphoscoliosis, 2; Aorta, ruptured, 3. 
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acid. The oxidation of BAPN to cyano- 
acetic acid in the rat is therefore con- 
siderable. Before the role of cyanoacetic 
acid in the development of lathyrism can 
be appraised, however, it is necessary to 
establish whether this compound exerts 
any influence on mesodermal tissue. 

Young (41 to 45 g) female Sprague- 
Dawley rats were used. Rats in assays 
1, 2, and 3 were allowed to eat rat pel- 
lets (5) ad libitum. Test rats received 
200 mg of cyanoacetic acid or cyano- 
acetamide per 100 ml of drinking water 
each day for 7 weeks. In other assays the 
rats were fed a 0.3-percent concentra- 
tion of the following: ethylamine, etha- 
nolamine, propionitrile and BAPN fu- 
marate (6) in a semisynthetic diet (7) 
for 7 weeks. In each assay the rats were 
housed in an open-bottom mesh cage. 
Autopsies were performed, and the or- 
gans were examined for gross changes. 
The alterations observed in these assays 
are shown in Table 1. 

Neither cyanoacetic acid nor cyano- 
acetamide in concentrations at which 
BAPN produces lathyrism showed any 
evidence of toxicity (assays 2 and 3). 
Minor alterations of chemical structure 
in BAPN as represented by the organic 
amine or nitrile fed in assays 5, 6, and 
7 also resulted in loss of toxicity. The 
incidence of skeletal deformities and 
aortic rupture in rats fed BAPN (assay 
8) was comparable to that of previous 
observations (7). 

Present studies show that cyanoacetic 
acid, cyanoacetamide, and propionitrile 
resemble other organic nitriles which do 
not exert any influence on mesodermal 
tissue (2). The fact that cyanoacetic 
acid does not affect mesodermal tissue 
when fed suggests that oxidation of the 
amine in BAPN to a carboxyl is a 
mechanism of detoxication. Ethylamine 
and ethanolamine also failed to produce 
lathyrism. Skeletal deformities observed 
in lathyrism, therefore, are not due solely 
to an excess of an aliphatic amine in 
the diet. Amines of the general type 
R*CH,NH, are oxidized by amine oxi- 
dase to aldehydes (8) and may eventu- 
ally be converted to acids (9). Blaschko 
has suggested that amine oxidase might 
function in detoxication of some toxic 
amines (10). B-Aminopropionitrile is a 
toxic amine which fosters in some man- 
ner the development of skeletal deformi- 
ties, herniation, and aortic rupture in 
young rats. The recovery of cyanoacetic 
acid from urine of rats adminstered 
BAPN suggests that amine oxidase is in- 
volved in detoxication of BAPN. Since 
cyanoacetic acid does not produce skele- 
tal deformities, tissue changes observed 
in lathyrism are probably caused by 
either BAPN or cyanoacetaldehyde (//). 

JosepH J. Laticu 
Department of Pathology, Medical 
School, University of Wisconsin, 
Madison 
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Dynamics of Release of 
Histamine from Tissue Mast Cell 


It is generally acknowledged that the 
tissue mast cell contains histamine and 
heparin (J). This report (2) is con- 
cerned with a series of cytological 
changes that we have observed in living 
mast cells treated with histamine lib- 
erators. Our findings extend those previ- 
ously reported (3) in living mast cells 
treated similarly. Microscopic observa- 
tions and cinephotomicrographic record- 
ings were made of the mast cells of the 
transilluminated mesentery of the in- 
tact, anesthetized Sprague-Dawley rat. 
Bright-field illumination and magnifica- 
tions of 400 to 900 were employed. The 
experiments consisted of supplanting the 
oxygenated Tyrode’s solution normally 
bathing the preparation with Tyrode’s 
solution containing one of the following 
test substances: Compound 48/80 (4), 
1: 100,000; stilbamidine, 1:80 to 1:8000; 
protamine sulfate, 1:5000 to 1: 100,000; 
or toluidine blue, 1:5000 to 1:200,000. 
All of these compounds bring about the 
release of histamine from the mast cell 
(5). 

Prior to treatment the mast cells of 
the mesentery are round or spindle- 
shaped and densely packed with dark 
granules. Shortly after the introduction 
of any of the above test solutions there 
occurs a marked change in the refractile 
properties of the granules: they suddenly 
lose their dark appearance and become 
almost invisible. First one granule and 
then another reacts until all have be- 
come involved and the cell is barely dis- 
cernible. Correlated with these events is 
a gradual swelling of the cell to about 
144 times its original diameter. 

After toluidine-blue treatment, the nu- 
cleus of the mast cell takes on a blue 
color when about 50 to 80 percent of 
the granules have lost their dark appear- 
ance. When most or all of the granules 


are scarcely visible, metachromatic stain- 
ing of the faded granules begins. At first 
a few granules stain purple, then more 
and more, until apparently all are so 
stained. As the staining of the granules 
proceeds, the mast cell shrinks toward 
its normal size. At this stage, those liv- 
ing cells stained with toluidine blue re- 
semble closely mast cells in mesenteries 
fixed in alcohol and then stained with 
toluidine blue (6). 

I consider the present findings to 
be indicative of significant chemical 
changes in the mast cell. The changes 
in the refractile properties of the gran- 
ules are interpreted to be a manifesta- 
tion of the freeing of some material 
from binding either within or on the 
surface of the granule where it is osmot- 
ically inactive. Once free, the material 
is osmotically active; water enters the 
cell and swelling results. It seems likely 
that the material liberated is histamine 
which is freed from its known binding 
with heparin (7). 

The cytological changes noted here are 
common to a variety of treatments that 
cause release of histamine from the mast 
cell, and the time course of the changes 
is the same as that for histamine release 
resulting from such treatments (5). I 
suggest that histamine is freed from its 
binding with heparin because the hista- 
mine liberators have a stronger affinity 
for heparin than does histamine. The se- 
quence of changes in the experiments 
with toluidine blue is consistent with 
such an interpretation; toluidine blue 
does not stain the granules until bind- 
ing sites are made available on mole- 
cules of heparin. When the molecules 
of toluidine blue bind heparin, they be- 
come osmotically inactive and the cell 
loses water and becomes smaller in size. 
The movement of histamine out of the 
cell at this time also contributes to the 
loss of water and shrinking of the cell. 
According to the present interpretation, 
heparin is not lost from the mast cell 
treated with histamine liberators. 

Dovuctas E. SmirH 
Division of Biological and Medical 
Research, Argonne National Laboratory, 
Lemont, Illinois 
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Letters 


Temperature of Earth Satellites 


In the issue of 11 April [Science 127, 
811 (1958)], Raymond H. Wilson, Jr., 
used a short-cut method for computing 
the temperature of an earth satellite. He 
concluded that the thermal radiation 
from the earth is not important, because 
earth and satellite are at nearly the same 
temperature. I question this conclusion. 

It is true that the net exchange be- 
tween the two will be small. But the cal- 
culation requires equating the total radi- 
ation absorbed by the satellite with that 
radiated by it in all directions. The solar 
radiation intercepted by the earth is 
practically equal to the sum of the solar 
radiation reflected and the thermal radi- 
ation from the earth. The average figure 
for the sum of the intensities of the two 
latter radiations, at a height of 10 per- 
cent of the earth’s radius, will be 1/(4 x 
1.1?) =0.206 of the intensity of radia- 
tion received directly from the sun. 

A satellite in an equatorial orbit 
would probably average somewhat more 
than this proportion, and one in a polar 
orbit somewhat less. On the basis of this 
figure, a gray satellite, never in the 
earth’s shadow, would reach a tempera- 
ture 5 percent greater than that calcu- 
lated on the basis of solar radiation 
alone, and one in the earth’s shadow 20 
percent of the time would reach the 
same temperature as that calculated for 
exposure to the sun’s radiation alone 100 
percent of the time. 

Wiiu1aM D. Ross 
Wilmington, Delaware 


William D. Ross’s extension of my 
“short-cut” treatment of solar radiation 
to a discussion of satellite heating due 
to the earth seems to be a fruitful con- 
tribution. By treating the sum of the 
mean terrestrial radiation and reflection 
as constant (since the earth’s mean tem- 
perature is constant), he has not only in- 
dicated the correct effect of heat radi- 
ated by the earth but has also furnished 
an independent check on my result for 
the added temperature due to its reflec- 
tion of sunlight. Of the total of 15°C 
which he finds to be added by the earth, 
I had already included 4°C for reflec- 
tion alone, corresponding to the 30 per- 
cent albedo assumed for the earth. The 
new estimate of temperature for a con- 
tinuously sunlit satellite having equal ab- 
sorptivity and emissivity would thus be 
SLISK. 

However, for such low-temperature 
infrared radiation as the terrestrial, the 
absorptivity/emissivity ratio would be 
almost exactly unity for all types of satel- 
lite surfaces, and its flux would be prac- 
tically independent of the fraction of 
time the satellite is sunlit. These char- 





Detect and Measure 
H°? Ee Pp °*? 
Pu’? U* ete. 


NMC Proportional Counter Converters transform any 
scaler with a high voltage supply into a complete 
proportional counting system. Connect to scaler 
and plug into any 110-volt circuit for precise detec 
tion and measurement of alpha, beta and gamma 
radiation. Discriminate between alpha and beta by 
high voltage setting only. Samples counted inside 
gas flow chamber which yields full 2 pi geometry. 
Every alpha and beta emitted into chamber is 
counted. Built-in low voltage power supply and gas 
flow control. Amplifier-discriminator is built-in and 
completely transistorized. 








PCC-10A (7%2” x 10%” x 17” deep) 
Standard all-purpose counting chamber accepts disc 
type samples up to 244” diameter x %,”. Inter- 
changeable chambers available for lower background 
counting. 





PCC-1IA (9%” x 914” x 14%” deep) 
Chamber totally enclosed by heavy lead shield to 
reduce beta-gamma background counting. Other fea- 
tures are the same as for PCC-10A. 





PCC-12A (10” x 11” x 19” deep) 


Large chamber accepts samples up to 742” diameter 
x 1” thick. Ideal for bulky samples or large-area 
filter paper samples. 


SEND FOR FREE LITERATURE 


Nuclear 
Measurements 
2460 N. Arlington Ave. 
Corp. Phone: Liberty 6-2415 
INDIANAPOLIS 18, INDIANA 


Instruments for the Nuclear Field Since 1948 
International Office: 13 E. 40th St., New York 16, N. Y. 
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acteristics of its effectiveness are. thus 
fundamentally different from those of 
direct and reflected sunlight. The tem- 
perature 311°K is the highest mean to 
be expected for satellites at the particu- 
lar 400-mile mean height assumed by 
Ross. For heights above this, the terres- 
trial contribution falls off rapidly, as his 
treatment makes clear. 

Another possible variation which 
should be borne in mind is that a satel- 
lite temperature decrease of 20°C would 
result from assuming the 400° lower 
effective solar temperature 5760°K 
which is implied by direct measurements 
of the solar “constant.” Also, it is quite 
certain that the 2-percent eccentricity of 
the earth’s orbit would cause annual 
variations up to 1 percent, or 3° above 
and below the mean. An approximate 
general formula, incorporating all these 
considerations, would be: 


T = Ts(Ds/4) * x 
[1 + (1+ 2¢/oF) /48(1+h/3960)*] x 
(aF/e)%4 


In this, T,, and D, are, respectively, the 
effective absolute temperature and ra- 
dian diameter of the sun, a/e is the ab- 
sorptivity/emissivity ratio of the satel- 
lite, F its sunlit time fraction, and h 
the mean height of its orbit in miles. 
Raymonp H. Witson, Jr. 
Project Vanguard, U.S. Naval 
Research Laboratory, Washington, D.C. 


Absorption Spectra of 
Hill Reaction Oxidants 


In considering the correlation of ab- 
sorption spectra with oxidant potential 
and with antioxidant ability, as in the re- 
port of R. J. Marcus, J. L. Hatchett, and 
K. M. Sancier [Science 127, 647 (1958)], 
it is of interest to note that F. J. Stubbs 
and C. N. Hinshelwood [J. Chem. Soc. 
Suppl. Issue 1, 571 (1949)] showed that 
with arylamines the activation cnergy 
of acylation was partially contributed by 
the ring substituents. These contributions 
were additive. Stubbs and Hinshelwood 
also showed that other properties, such 
as basicity and absorption spectra, cor- 
related similarly with these contribu- 
tions. 

It is reasonable to assume that, for the 
phenols and phenoxy radicals related to 
the quinones of the report of Marcus, 
Hatchett, and Sancier, the ring substitu- 
ents control the energy of dissociation of 
the weakest hydrogen. Perhaps both the 
redox potential and the absorption spec- 
tra of these quinones and their reaction 
intermediates can then be considered as 
functions of this dissociation energy. 

G. R. Warp 
Los Angeles Soap Company, 
Los Angeles, California 
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Heres how! ° 


To measure and control clarity of 
liquids: Whiskies, Beers, Wines, Soft Drinks, 
Pharmaceuticals, Liquid Sugars and Syrups, In- 
dustrial Chemicals, Industrial or Potable Waters. 


To measure filter efficiencies; Bacterial 
growth rates; contaminants in water. 


To determine Calcium, Magnesium, 
Sulfates and Chlorides as well as similar 
ions—in trace amounts—without filtering, wash- 
ing, drying or weighing of precipitates. 


The Coleman Nephelos System is based on a set 
of permanent, numerically related Nephelos Standards and 
a photoelectric instrument which is strictly linear in its 
response to scattered light, even at intensities far below the 
visible level. Two instruments 
are available: The Model 7 
Photo-Nephelometer for nephe- 
lometry only, and the Model 9 
Nepho-Colorimeter which incor- 
porates an excellent filter-pho- 
tometer system. 


NEW! Write for Bul- 
letin B-246, describ- 
ing Coleman Certified 
Nephelos Standards 
and Coleman preci- SQ ae: 

sion nephelometers. ‘ CO LE MAN 


COLEMAN NEPHELOMETERS 


COLEMAN INSTRUMENTS INC., DEPT. + MAYWOOD, ILLINOIS 
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Meetings 


Forthcoming Events 
August 


24-28. American Inst. of Biological 
Sciences, annual, Bloomington, Ind. (H. 
T. Cox, AIBS, 2000 P St., NW, Wash- 
ington 6.) 





The following 25 meetings are being 
held in conjunction with the AIBS meet- 
ings at Bloomington, Ind. 


American Bryological Soc., annual. 
(Mrs. V. S. Bryan, Botany Dept., Duke 
Univ., Durham, N.C.) 


American Fern Soc., annual. (Miss M. 
E. Faust, 501 University Pl., Syracuse 10, 
N.Y.) 

American Microscopical Soc., annual. 
(D. G. Frey, Dept. of Zoology, Indiana 
Univ., Bloomington. ) 

American Phytopathological Soc., 50th 


anniversary. (W. B. Hewitt, Dept. of 
Plant Pathology, Univ. of California, 
Davis. ) 


American Soc. for Horticultural Sci- 
ence, annual. (R. E. Marshall, Dept. of 
Horticulture, Michigan State Univ., East 
Lansing. ) 

American Soc. of Ichthyologists and 
Herpetologists, annual. (R. Conant, Phila- 
delphia Zoological Garden, 34th and Gi- 
rard Ave., Philadelphia 4, Pa.) 








Automatic 
Fraction Collector 


Geatures 


= PLUG-IN CONTROL UNITS 
Metering by Volumetric Siphoning 
Constant Timing 
Drop counting 


= 24” and 15” diam. Turntables accommodating 
90 to 500 tubes of 10 to 25mm diam. 


® Positive indexing system 


® Automatic stop accessory turns off columns at end of run 


® Motor and drive mechanism sealed against moisture 








2005 HOPKINS ST. 











PRICES FROM $435.00 


Write for Bulletin 1205-A 
or contact your authorized RSCo Dealer 


Reco division of 


RESEARCH SPECIALTIES CO. 





BERKELEY 7, CALIF. 








American Soc. of Limnology and 
Oceanography. (B. H. Ketchum, Woods 
Hole Oceanographic Inst., Woods Hole, 
Mass. ) 

American Soc. of Naturalists. (B. Wal- 
lace, Long Island Biological Assoc., Cold 
Spring Harbor, N.Y.) 

American Soc. of Parasitologists, an- 
nual. (P. E. Thompson, Research Div., 
Parke, Davis & Co., Detroit 32, Mich.) 

American Soc. of Plant Physiologists, 
annual. (G. R. Noggle, Dept. of Botany, 
Univ. of Florida, Gainesville. ) 

American Soc. of Plant Taxonomists. 
(R. F. Thorne, Botany Dept., State Univ. 
of Iowa, Iowa City. ) 

American Soc. of Zoologists. (S. Cro- 
well, Dept. of Zoology, Indiana Univ., 
Bloomington. ) 

Biometric Soc., ENAR. (T. W. Horner, 
General Mills, Inc., 400 Second Ave., S., 
Minneapolis 1, Minn.) 

Botanical Soc. of America, annual. (H. 
C. Bold, Dept. of Botany, Univ. of Texas, 
Austin 12.) 

Ecological Soc. of America. (J. E. 
Cantlon, Dept. 
Pathology, Michigan State Univ., East 
Lansing. ) 

Mycological Soc. of America, annual. 
(E. S. Beneke, Dept. of Botany and Plant 
Pathology, Michigan State Univ., East 
Lansing. ) 

National Assoc. of Biology Teachers. 
(P. Fordyce, Broad Ripple High School, 
Indianapolis, Ind.) 

Nature Conservancy. (G. B. Fell, 4200 
22 St., NE, Washington 18.) 

Phycological Soc. of America, annual. 
(W. A. Daily, Dept. of Botany, Butler 
Univ., Indianapolis 7, Ind.) 

Potato Assoc. of America, annual. (R. 
V. Akeley, Crops Research Div., USDA, 
Plant Industry Station, Beltsville, Md.) 

Society for Industrial Microbiology, 
annual. (C. L. Porter, Dept. of Biological 
Sciences, Purdue Univ., West Lafayette, 
Ind.) 

Society of Protozoologists, annual. (N. 
D. Levine, College of Veterinary Medi- 
cine, Univ. of Illinois, Urbana. ) 

Society for the Study of Development 
and Growth. (R. O. Erickson, Dept. of 
Botany, Univ. of Pennsylvania, Philadel- 
phia 4.) 

Society of Systematic Zoology. (R. E. 
Blackwelder, Box 500, Victor, N.Y.) 

Tomato Genetics Cooperative. (E. C. 
Stevenson, Horticulture Dept., Purdue 
Univ., West Lafayette, Ind.) 





24-29. Atmospheric Diffusion and Air 
Pollution, intern. symp., Oxford, England. 
(F. N. Frenkiel, Applied Physics Labora- 
tory, Johns Hopkins Univ., Silver Spring, 
Md.) 

24-29. Mental Health, world federation, 
11th annual, Vienna, Austria. (Miss E. 
M. Thornton, World Federation for Men- 
tal Health, 19 Manchester St., London, 
W.1, England. ) 

24-30. Astronautical Cong., 9th intern., 
Amsterdam, Netherlands. (A. G. Haley, 
International Astronautical Federation, 
1735 DeSales St., Washington.) 

24-30. Prehistoric and Protohistoric 
Science, 5th intern. cong., Hamburg, Ger- 
many. (Biiro des Internationalen Kon- 
gresses fiir Vor- und Friihgeschichte, c/o 
Fremdenverkehrs- und Kongresszentrale, 
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AVAILABLE IN 
30 mm., 40 mm., 
50 mm., 65 mm. 
SIZES 





Sealable Type 
TISSUE CULTURE DISHES 






@ BELLCO GLASS INC. 


DEPT. 54— VINELAND, NEW JERSEY 


MADE FROM 
PYREX BRAND GLASS 





WRITE TODAY FOR 
DESCRIPTIVE LITERATURE 
AND PRICES. 
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PHOTOVOLT Densitometer 


for Partition Chromatography 
and Paper Electrophoresis 


A photoelectric precision instrument for the rapid 
and convenient evaluation of strips and sheets 
of filter paper in partition chromatography and 
paper electrophoresis. 








FOR RAPID, ACCURATE AND REPRODUCIBLE 
DISPENSING OF LIQUIDS . . . the 


PALO PIPETTER For BACTERIOLOGY - BIOCHEMISTRY 


* ANALYTICAL CHEMISTRY 
CLINICAL LABORATORY. 


PETROLEUM CHEMISTRY - 


This ingenious and inexpensive glass PIPETTER consists of a 
reservoir flask to which is attached an interchangeable head of 
SPECIFIC capacity. Both fiask and head have ground joints. 
Calibrated directly in milliliters of distilled water, the PALO 
PIPETTER’S accuracy is better than 1%, or equal to the 
reproducibility of the most costly automatic pipetting machine. 





APPLICATIONS 

* Making serial dilutions 

* Adding chloroform, strong acids, 
cyanide solutions, and solvents. 


‘Qualitative and quantitative 
reagents. 


ORDERING INFORMATION 
PLEASE SPECIFY THE FOL- 
LOWING WHEN ORDERING 


1. Specific volume of head. (One 
volume only) 


2. Volume of flask. (ml) 





Pyrex Brand Glass DELIVERY HEAD 
with § 24/40 Joint and Hooks. 


R9600-1 In any one capacity from 
5 cc to 100 cc in any increment of 
5 ce $7.75 ea. 


R9600-2 All other sizes from 1 cc 
to 99.5 cc in any increments of 
$8.50 ea. 





R9601 Pyrex Brand Glass Erlen- 
meyer Flask with hooks and ¥ 
24/40 joint. 


Flask Size Price Each 
300 ml 2.50 
500 ml 2.60 

1000 ml 2.90 
2000 mi 3.50 


R9602—Springs* only $.30 per pair 





WRITE TODAY FOR CATA- 
LOG PA-81 . . . the most com- 
plete plastic laboratory ware 
catalog in the industry. Over 





40 pages! 
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SPENSE 











*NOTE: 
One pair of springs 
supplied with each 
complete unit (head 
and flask) at no ex- 


tra cost. 


PALO TECH PEN 


With Fine Line or Standard Point 
Write on Glass * Metal * Plastic *~ 
Porcelain + Cloth ° 
Paper * Leather 
... effectively! 











INK COLORS* 
YELLOW + RED 
* BLUE » GREEN 


* ALUMINUM PRICE: 
* BROWN $4.50 
* PINK Includes 
* PURPLE ink supply 
* ORANGE for 25,000 
* BLACK characters. 
* WHITE REFILL 

TUBES: 

75¢ per tube 

© 


Set of 2 extra 
writing points. 
$1.00 per set 


*Only one color ink can be used in 
each pen. 








LABORATORY SUPPLIES, Inc. 


81 Reade Street « New York 7, N. Y. 
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APPLICATION FOR HOTEL RESERVATIONS 
125th AAAS MEETING 
Washington, D.C., December 26-31, 1958 


The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
hotel room reservation in Washington. Please send your application, not to any hotel directly, but to the AAAS 
Housing Bureau in Washington and thereby avoid delay and confusion. The experienced Housing Bureau will 
make assignments promptly; a confirmation will be sent you in two weeks or less. 

As in any city, single-bedded rooms at minimum rates may become scarce; double rooms for single 
occupancy cost more; for a lower rate, share a twin-bedded room with a colleague. Most hotels will place 
comfortable rollaway beds in rooms or suites at $2.00 to $2.50 per night. Mail your application now to secure your 
first choice of desired accommodations. All requests for reservations must give a definite date and estimated hour 
of arrival, and also probable date of departure. 





AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
Rates for Rooms with Bath 


Hotels with an asterisk have sessions in their public rooms. For a list of headquarters of each participating society and 
section, see page 151, Science, July 18. 














Hotel Single Double Bed Twin Bed Suite 
*Dupont Plaza $10.00-11.00 $13.00-14.00 $13.00—14.00 $21.00-27.00 
*Sheraton-Park 8.00—12.00 12.00-14.50 11.00-16.00 20.00-—60.00 
*Shoreham all 9.00 all 12.00 all 12.00 20.00-50.00 
*Statler all 10.00 all 14.00 all 14.00 24.00-30.00 
*Washington 7.00— 8.00 11.00-12.50 11.00-12.50 24.50-45.00 
*Willard 10.00-12.50 13.00-17.00 14.00-18.00 25.00-35.00 
Roosevelt 7.00-— 9.00 10.00-12.00 18.00-24.00 
Sheraton-Carlton 12.00-17.00 17.00-21.00 
Windsor Park all 9.00 all 14.00 all 14.00 13.00-18.00 
saat a A Sai emcee THIS IS YOUR HOUSING RESERVATION COUPON -—------------ 
AAAS Housing Bureau 
1616 K Street, N.W. DIBte OE AP DUICATAGN 6 <5. 3 o5.0-yos bos teete Sree sein che cs Oise eS 


Washington 6, D.C. 
Please reserve the following accommodations for the 125th Meeting of the AAAS in Washington, D.C., Dec. 26-31, 1958: 
TYPE OF ACCOMMODATION DESIRED 


Binge ROOM «. iicisic dic se veeaa bls re a ee Moaximiim Rate 636 00S 

Double-Bedded Room ........ Desired Rate .....0cccecee Maximum Rate: o:6s:. ors wwsic ares Number in party ........0 «508 
Twin-Bedded Room .......... WQUMTEU TRRUS cc aae ce ees Maximum: Ratecic ss 6js0s.9.0teie 

BUIte.., «5:0 s0aie siesta BPCMIO ACC. s .0300. ss a's. ee Maximum Rate 3930.5 s66 uss Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed. ) 


Cee eee eee Hee EHH HHH HEE HEHEHE HEHEHE HEHE EE EH HEHE HEHEHE HEHEHE SEH HEHE HEHEHE HEHEHE HEHEHE HEHEHE HT ED ES HEE HEE HE EEE HERES EEE EEE 


Fitet Goce HCE! coc i055 tele cess cokes Second Choice Fotel .... Gout sss ccuebn Third Choice Hotel ....0..:0..6.56:0:000« ccm 
DATE: OR ARRIVES 508 S 5 SHS 5:0 oi0 65%: OU Sie gl AIS le Sis, obs DEPARTURE DATE, 6 oosiis tute es I. A Na ole 
(These must be indicated—add approximate hour, a.m. or p.m.) 

AME,  « « o:v,6's 4 sip Me RA THE 60 Os aaa Siw thew hdvaGiwme sera ara WANE Sea atau PTEE: Siu 0 6.0; 6.6'ghion 6:0 Sabie Tay Wiadp Cole ecmine Ns “6 /l'h 0h a ae ae 

(Individual requesting reservation) (Please print or type) 
ADDRESS. «6351. Ee cle ee bre Jie CS Ie 1s ge Kin, w WIRE Sele wre diy) Site 00,0 MIBTRI: © Biv xs 9) aghhaI UD REEEMn WORN Gb: ok: ota mL NrEI Grats Nn ets cnn 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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Hamburg 1, Bieberhaus. Hachmannplatz. ) 

25-28. Institute of Mathematical Sta- 
tistics, annual, Cambridge, Mass. (G. E. 
Nicholson, Jr., Dept. of Statistics, Univ. 
of North Carolina, Chapel Hill.) 

25-28. Mathematical Assoc. of America, 
39th summer, Cambridge, Mass. (H. M. 
Gehman, Univ. of Buffalo, Buffalo 14, 
N.Y.) 

25-29. Infrared Spectroscopy Inst., an- 
nual, Nashville, Tenn. (J. R. Lawson, 
Fisk Univ., Nashville 8.) 

25-29. Electronic Properties of Metals 
at Low Temperatures, IUPAP collo- 
quium, Geneva, N.Y. (M. D. Fiske, Gen- 
eral Electric Co., P.O. Box 1088, Sche- 
nectady, N.Y.) 

25-30. American Mathematical Soc., 
63rd summer, Cambridge, Mass. (AMS, 
190 Hope St., Providence 6, R.I.) 

27-29. American Sociological Soc., an- 
nual, Seattle, Wash. (Miss M. W. Riley, 
ASS, New York Univ., Washington Sq., 
New York 3.) 

27-29. Diseases in Nature Communi- 
cable to Man, 13th annual intern. North- 
west conf., Hamilton, Montana. (W. L. 
Jellison, National Microbiological Inst., 
Rocky Mountain Laboratory, USPHS, 
Hamilton. ) 

27-3. British Assoc. for the Advance- 
ment of Science, Glasgow, Scotland. 
(BAAS, Burlington House, London, W.1, 
England. ) 

28-2. Biometric Soc., ENAR, Ottawa, 
Ont., Canada. (T. W. Horner, General 
Mills, Inc., 400 Second Ave., S., Minne- 
apolis 1, Minn.) 

28-3. Combustion Symp., 7th intern., 
London and Oxford, England. (Combus- 
tion Inst., 936A Union Trust Bldg., Pitts- 
burgh 19, Pa.) 

31-6. Housing and Town Planning, 
24th cong., Liége, Belgium. (International 
Federation for Housing and Town Plan- 
ning, Parkhotel, Molenstraat 53, The 
Hague, Netherlands. ) 

31-8. Corpuscular Photography Collo- 
quium, 2nd intern. (by invitation), Mont- 
real, Canada. (P. Demers, Institut de 
Physique, Universite de Montreal, P.Q.) 


September 


1-6. Biochemistry, 4th intern. cong., 
Vienna, Austria. (O. Hoffmann-Ostenhof, 
1, Chemisches Institut der Universitat, 
Wahringerstrasse 42, Vienna IX.) 

1-7, Psychotherapy, intern. cong., Bar- 
celona, Spain. (M. de la Cruz, Clinica 
Psiquiatrica Uniersitaria, Facultad de 
Medicina, Barcelona. ) 

1-9. Analogy Computation, 2nd intern., 
Strasbourg, France. (F. H. Raymond, 138 
Boulevard de Verdun, Courbevoie, Seine, 
France. ) 

1-13, Peaceful Uses of Atomic Energy, 
2nd intern. conf., Geneva, Switzerland. 
(L. D. P. King, Atomic Energy Commis- 
sion, Washington 25.) 

2-4, Allergy, 4th European cong., Lon- 
don, England. (British Assoc. of Allergists, 
St. Mary’s Hospital, London, W.2.) 

2-4, Vertebrate Phylogeny Symp., Soc. 
of Vertebrate Paleontology and Soc. for 
the Study of Evolution, Ann Arbor, Mich. 
(J. T. Gregory, Peabody Museum, Yale 
Univ., New Haven, Conn.) 


(See issue of 18 July for comprehensive list) 
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Applied Physics Corp./362 W. Colorado Street/Pasadena/California 





at the Richfield Laboratories 

Cary Model 14: Spectrophotometer enables 
determination of lead concentrations 

to one part per billion 





The destructive effect of lead on the 
activity of costly catalysts makes accu- 
rate determinations of even minute 
amounts extremely important. With 
improved techniques now in use at the 
new Research Laboratories of the Rich- 
field Oil Corporation, Anaheim, Cali- 
fornia, chemists can determine lead 
concentrations in naptha charge stocks 
within one part per billion. 

The conventional dithizone colori- 
metric procedures can be used to esti- 
mate the lead concentration to an 
accuracy of approximately 10 parts per 
billion. A refinement of this procedure, 
employing the Cary Model 14 Recording 
Spectrophotometer, is used to more pre- 
cisely determine the concentration. 

The color intensity of the lead dithi- 
zone solution is measured at 5100 Ang- 
stroms for the unknown sample and for 
two standard solutions whose concentra- 
tions are respectively a little more and a 


little less than the estimated concentra- 
tion of the unknown. By interpolating, 
the analyst can then determine the lead 
concentration of the unknown to an 
accuracy of one part per billion or better. 

In this procedure, the high photomet- 
ric accuracy of the’ Model 14 is of pri- 
mary importance in reliably recording 
the minute differences in absorbance 
values between the sample and stand- 
ards. This high photometric accuracy is 
one of several performance features pro- 
vided in each Cary Recording Spectro- 
photometer to a degree not found in any 
other similar instruments. Perhaps these 
advantages can lead to new break- 
throughs in your analytical techniques. 
Complete information on both Cary 
Spectrophotometers, Model 11 and 
Model 14, is contained in a bulletin 
which is available uvon request. Ask for 
Data File E10-78. 


BRIEF SPECIFICATIONS OF CARY a 
MODE 


MODEL 11 





RANGE 2100K to 8000 1860K to 2.6 microns. 
Less than 0.0001% between 21008 and 
STRAY LIGHT Leas than 0.0001% over most of 1.8 microns; less than 0.1% at 1860K 


working range. 


and 2.6 microns. 





SCANNING SPEEDS From 1.0R/sec. to 125R/sec. 


From 0.5K/sec to 500K/sec. 





Better than 1.08 U.V.-visible region and 








RESOLUTION Better than 1.08 throughout range. 3.08 near-infrared. 

WAVELENGTH Better than 5.0K U.V. region and 10.0A Better than 4.0% throughout range. 
ACCURACY visible region. 

repropucipiuity _—Better than 0.5K ULV. region and 3.0R 9 58 throughout range. 


visible region. 








PHOTOMETRIC 


REPRODUCIBILITY 0.004 in absorbance. 


0.002 in absorbance. 
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Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
concerning the items listed appears on page 218. 


HyvACcUUM GAGE of thermocouple type 
uses a nonlinear scale to cover the range 
from 0 to 1000 p-Hg with a least indica- 
tion of 5 w. Exposure to atmosphere will 
not cause damage. The instrument is ob- 
tainable with either one or two sensing 
tubes and in models suitable for opera- 
tion from either a 115- or 230-v supply. 
(Consolidated Electrodynamics, Dept. 
172) 


™ FURNACE for growing single crystals of 
semiconductor materials can produce 
crystals up to 12 in. long. Temperatures 
up to 1550°C, controllable through a 
15-kw saturable-core reactor to within 
+ 1°C are provided. Crucible capacity is 
more than 9 in’. A graphite double-helix 
resistive heating element is used. Crys- 
tal-pulling speed is continuously variable 
from 0 to 9.75 in./hr. Interchangeable 
heads permit operation under either inert 
gas or vacuum, (N.R.C. Equipment 
Corporation, Dept. 177) 


™ DISSOLVED-OXYGEN ANALYZER automati- 
cally and continuously measures dis- 
solved oxygen in high-purity water. 
Traces as low as 1 part in 10° are de- 
tected. Ranges include 0 to 25, 0 to 50, 
0 to 250 parts per billion and a tenfold 
extended range with the upper portion 
of the scale compressed for leak tracing 
during boiler start up. Signal output is 
0 to 5 mv and is suitable for input to 
standard potentiometric recorders. Time 
for 90-percent response is approximately 
2 min. Accuracy is +5 percent of read- 
ing. Calibration and zero are stable to 
within +1 part in 10° for periods of 
weeks over an ambient temperature 
range 50° to 110°F. Accessories include 
a multiple-sample system for up to four 
streams, a calibrator, and temperature 
and pressure regulators. (Beckman In- 
struments, Dept. 182) 


M LABORATORY OVEN covers the range 
from room temperature to 200°C. In- 
side dimensions are 12 by 10 by 10 in. 
Air circulation is controlled by a ther- 
mostat. Shelves are adjustable in '/4-in. 
increments. Models are available for 
operation at 110 or 220 v. (Grieve-Hen- 
dry Co., Inc., Dept. 189) 


™p-c AMPLIFIER is transistorized and 
equipped with a self-contained solid-state 
power supply. Band pass is from d-c to 
50,000 cy/sec. Noise is less than 8 py. 
Drift rates are expected to be less than 
2 uv/wk. Gain is 0 to 1000. (Electro In- 
struments Inc., Dept. 199) 
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@ REFRIGERATED BATH is available in two 
standard sizes of 2.72- and 6.50-gal ca- 
pacity. The refrigeration equipment in- 
cludes a hermetically sealed compressor. 
Range of temperatures is 0° to 100°C 
with control accuracy of +0.25°C. Two 
frequently used temperatures may be set 
for selection at any time, undisturbed by 
intervening use at other temperatures. 
Time required to reduce temperature 
from 32°C to 0°C is 120 min for the 
smaller model, 240 min for the larger. 
(Blue M Electric Co., Dept. 185) 


MDIAPHRAGM PUMP for _ low-volume 
pumping of oil-free air is designed for 
continuous operation. Vacuum up to 22 
in.-Hg and pressure up to 40 lb/in.? are 
produced. Maximum displacement is 1 
ft?/min under free-flow conditions. 
Weight is 16.7 lb. Models are available 
for 115-v or 220-v operation. (Air- 
Shields Inc., Dept. 183) 


® CENTRIFUGE for testing electronic com- 
ponents produces accelerations as high 
as 50,000 g. Acceleration is read directly 
on a meter which functions through a 
selector switch, set to the specimen- 
mounting radius, and an electronic coun- 
ter that indicates speed of rotation. Slip- 
ring assemblies are available as optional 
equipment. Set speeds are reached in 
less than 1 min. After running for a pre- 
set time, the machine automatically 
brakes to a stop. (American Machine and 
Foundry Co., Dept. 190) 


™ MICROWAVE OSCILLATORS cover the 
range from 1 to 18 kMcy/sec in five 
swept ranges. Radio-frequency output is 
10 mw minimum except in the 12 to 18 
kMcy/sec range, in which the output is 
1 mw. Frequency variation is linear with 
time, and sweep rate is adjustable from 
10 cy/ to 0.01 cy/sec. (Alfred Electron- 
ics, Dept. 186) 


® AUTOMATIC TESTER can select any two 
of 240 points and measure resistance be- 
tween them in the range of 1 ohm to 
9.99 megohm, The tester may be pro- 
gramed to select 1, 5, 10, or 20 percent 
nominal tolerance or to pass any value 
above or below a selected median resist- 
ance. Testing rate is 60 to 100 tests per 
minute. (Lavoie Laboratories, Inc., Dept. 


192) 


™ COMPUTER LINKAGE SYSTEMS permit 
analog and digital computers to be in- 
terconnected. The system is of modular 
design. Data from the digital computer 
are converted to analog voltages in the 
range + 100 v and presented on command 
to the analog computer; similarly, analog 
voltages are converted to digital code 
form, 11 binary digits, including sign. 
Analog-to-digital conversion time is 22.5 
usec; digital to analog conversion time is 
5 usec. (Epsco, Inc., Dept. 200) 





™ DECIMAL KEYBOARD for integration into 
electrical and electronic systems con- 
tains ten decimal and three optional-as- 
signment keys. Single-pole, double-throw 
switches operated by the keys will handle 
3 amp at 125 v a-c or 2 amp at 30 v d-c, 
The unit is available with or without 
housing and cable. (ElectroData Divi- 
sion, Burroughs Corp., Dept. 191) 


MASSIVE TURNTABLE for mounting 
complete navigation system platforms 
weighing up to 500 lb achieves rotational 
and alignment accuracies of +2 sec of 
arc. The table is tiltable +90 deg. It is 
driven by synchronous motor at various 
multiples of the earth’s rate of rotation, 
(Sterling Precision Corp., Dept. 193) 


M WAVE ANALYZER produces in perma- 
nent-record form an analysis of any repet- 
itive complex waveform. Plots are either 
amplitude versus frequency, power ver-, 


‘sus frequency, or amplitude of a specific 


frequency versus time. Frequency range 
is 3 to 10,000 cy/sec. Frequency accuracy 
is +1 cy/sec from 3 to 50 cy/sec, and 
+2 percent from 50 to 10,000 cy/sec. 
Amplitude accuracy is +5 percent of 
reading or +0.2 percent of full scale, 
whichever is larger. (Minneapolis-Honey- 
well Regulator Co., Dept. 194) 


ISOLATED POWER SUPPLY designed for 
transistor circuits measures 7/ by 11% by 
2% in. and weighs less than 3 oz. Out- 
put voltages range from 4 to 26 v, cur- 
rents from 9 ma at 4 v to 1.5 ma at 26v. 
Output is Zener-diode regulated. Shunt 
capacitance to ground is 20 pf; leakage 
resistance to ground exceeds 10,000 meg- 
ohm. (Elcor Inc., Dept. 195) 


™ MOTION-PICTURE CAMERA is capable of 
speeds up to 400 frames per second, Two 
16-mm models provide 100- and 200-ft 
capacities, respectively. Film is stopped 
completely during exposure and locked 
in position by a register pin. Operation 
is on 28 v d-c or 115 v a-c. (D. B. Milli- 
ken Company, Dept. 196) 


SCRATCH INVESTIGATION MICROSCOPE, 
manufactured by. Hilger & Watts in Eng- 
land, can be used in the field to measure 
scratches up to 0.025 in. deep on flat or 
curved surfaces, Accuracy is 0.001 in. A 
camera attachment permits making pho- 
tographic records on 35-mm film. (Engis 
Equipment Company, Dept. 198) 


™ TEMPERATURE-SENSING RESISTOR is a 
silicon solid-state device with a positive 
temperature coefficient of resistance of 
0.7 percent/°C. Two configurations are 
available, an axial-lead molded form and 
a welded-case form. Resistance ratings 
range from 100 to 1000 ohm at 25°C. 
(Texas Instruments Inc., Dept. 184) 

JosHuUA STERN 
National Bureau of Standards 
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LOW COST 


Gas Chromatography 
CENCO® 


VAPOR PHASE 


Newest instrument 
completely versatile, 
proved for industrial 
control and research. 

Obtains chemical 
separations in 

minutes. Provides 
reproducible qualitative 
and quantitative analyses 

quickly and at low cost. Write for Bulletin 275. 


No.70130: complete with gas sampling valve but 
WithOUl FOCULUGr..,-cu> tance. sass oes sce $995.00 


cence 


CENCO the most complete line of scientific in- 
struments and laboratory supplies in the world. 


CENTRAL SCIENTIFIC CO. 
1718-M Irving Park Road « Chicago 13, Illinois 
B hes and Wareh = Mountainside, N. J. 





Boston @ Birmingham @ Santa Clara e Los Angeles © Tulsa 
Houston ¢ Toronto e Montreal @ Vancouver © Ottawa 























Specify 


of microbiological reagents and media 


. . the only complete line 


Culture Media 
Microbiological Assay Media 
Tissue Culture and Virus Media 
Bacterial Antisera and Reagents 
Serological and Diagnostic Reagents 
Sensitivity Disks Unidisks 
Peptones Hydrolysates Amino Acids 
Enzymes Enrichments Dyes Indicators 
Carbohydrates Biochemicals 
e 


over 60 years’ experience 
in the preparation of Difco products assures 
UNIFORMITY STABILITY ECONOMY 


Complete Stocks Fast Service 24-hour Shipment 


a 
Difco Manual and other descriptive 


literature available on request 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 





























PHIPPS & BIRD 


MANOMETRIC 


BLOOD 
(AS 
APPARATUS 


The apparatus consists 
essentially of the follow- 
ing: 








(a) Shaking burette in 
water jacket 





(b) Graduated manometer 


(c) Connecting tube 
assembly 


(d) Mercury reservoir 
(e) Water reservoir 





ih Van Slyke Gas Apparatus is used mainly for the 
determination of carbon dioxide in blood, carbon 
monoxide in blood and plasma, and similar determina- 
tions where an amount of gas evolved from a fluid has 
to be measured. 

Phipps and Bird adheres strictly to the principles set 
forth by Dr. Van Slyke when he pioneered this ap- 
paratus for manometric gas analysis. 

The measuring manometer is mounted over a nar- 
row opening in the front panel, behind which there is 
a strip of light-conducting plastic. The assembly is 
illuminated from the rear, the illumination being con- 
fined to the manometer and is uniform throughout. The 
reaction chamber is illuminated through an opening on 
the side of the manometer housing and from the same 
light source. 

The manometer is protected by a clear plastic shield. 

The apparatus is supplied complete with glass parts 
as illustrated. 


Cat. No. 21-432 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 
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1958 Model 


A_ dependable, 





Featuring a newly developed three-eccentric-shaft drive and 
stabilizing design, the Model G10 distributes a positive, uniform, 
rotary motion to all parts of the shaking platform without any 
swaying or sagging at the edges of the table even under un- 


balanced loading conditions. 


Platforms hold Erlenmeyer flasks, test tubes or other glassware. 
UNCONDITIONAL ONE YEAR GUARANTEE 


Write for Bulletin G10-S-1 





Heavy Duty 


GYROTORY* SHAKER 


maintenance-free Rotary Action Shaker 
for general laboratory work when thorough shaking and 
vigorous agitation for sustained periods of time are required. 


140 to 400 oscillations 

per minute 

speed range—50 to 
150) 


"1” eccentric rotary 
motion 


two platform sizes— 
18” x 30”—24” x 36” 


interchangeable platforms 
available 





CELLS 


(alternate 








GLASS ABSORPTION 





Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


made 


ty = KLETT 





Photoelectric Colorimeters— 

















Klett Manufacturing Co. 
179 East 87 Street, New York, New York 

















PERSONNEL PLACEMENT 














CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). \ 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS er bor gm ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, . 


$26.00 per inch 
24.00 per inch 














ili POSTTIONS WANTED || 


Bacteriologist, M.S. 
experience, 








Excellent background and 
Desires to relocate. Supervise hospi- 





tal bacteriology laboratory. Prefer Florida. Box 
180, SCIENCE. X 
Biochemist, Ph.D., 1957, 28, married; year’s 
postdoctoral terminating, teaching experience, 
Desires academic or industrial position, Hor- 
monal control lipid metabolism, steroid metabo- 
-_. Ry biological background. Box 173, 
SCI CE, 7/25 





iiemnctentet, Ph.D., minor in physiology: 1 
year teaching in experiment station. Desires re- 
search academic position. Box 11, SCIENCE. 








iil POStTIONS WANTED lil 


Embryologist; Ph.D.; prefers teaching and re- 
search; presently in charge biochemical labora- 
tory, research institution; in early 30’s. Medical 
Bureau, Burneice Larson, Director, 900 North 
Michigan Avenue, Chicago. xX 








Medical Writer-Translator (German, Romance 
languages) ; experience also pene: editing. 
B.A.; AMWA. Box 178, SCIENCE. 





Microbiologist, M.A.; 5 years of research experi- 
ence in immunology, chemotherapy. Available for 
suitable position in September. Box 177, SCI- 
ENCE. 8/8 





Ph.D., Microbiology-Biochemistry; 5 years of in- 
dustrial and academic experience, fermentation 
processes, chromatography, bioassay, manometric, 
and radioisotope techniques. Seeks industrial po- 
sition. Box 179, SCIENCE. 


IMIIII| POSITIONS OPEN iil 


(a) Bacteriologists; M.S. or better for outstand- 
ing opportunities, new cancer research hospital; 
superb equipment, facilities; to $12,500; eastern 
college city. (b) Pharmacologist ; M.S. Ph.D. 
for independent research in inflammaion, anal- 
gesia, sympatholytic drugs; to $10,000; impor- 
tant midwestern cosmetics firm. (c) Bacteriolo- 
gist; modern, well-equipped laboratory, 350-bed 
general hospital; some research opportunity; to 
$6000 or better; city 60,000 near mideastern uni- 
versity city. (d) Chemist; Ph.D., equivalent ex- 
perience to head chemistry laboratory, assist pa- 
thologist in general laboratory administration, 
share in varied teaching programs; research + 
portunity; large university affiliated hospital; 
$9000; East. Woodward Medical Bureau, lin 
Woodward, Director, 185 North Wabash, Chi- 
cago. x 











Experienced Cytotechnologist. Papanicolaou Re- 
search Laboratory, 1300 York Avenue, New 
York 21, New York. uc 








iil POStr¥ONS OPEN jill 


(a) Chemist, Biochemist or Physical Chemist; 

supervisory position, research department, major 
industrial company established 1894; college 
town, East. (b) Ph.D. in nutrition or chemistry; 
full-time research position; home economics de- 
partment of state college, South; most of work 
has been related to nutritive value of foods as 
affected by environmental and other factors. (c) 
Biochemist, Ph.D. or exceptionally highly quali- 
fied M.S.; duties include research and supervising 
staff of nine; 600-bed general hospital; plans 
completed for new 900-bed hospital; Midwest; 

$8000-$10,000. (d) Scientist with pharmaceutical 
or allied academic training and several years’ in- 
dustrial experience in pharmaceutical research de- 
velopment; Ph.D. helpful but not required ; 

should be qualified to project coordination, large 
group of technical people; university city, East; 

$8000-$12000. S7-4 Medical Bureau, Burneice 
Larson, Director, 900 North Michigan Avenue, 
Chicago. a 








Chemist, male, with B.S. degree in organic chem- 
istry or biochemistry, to participate in analytical 
biochemical research in mental illness in hospital 
near Philadelphia. Write stating age, education, 
experience, and salary desired to P.O. Box 8507, 
Philadelphia 1, Pa. 7/28; 8/i, 6, 





Chemist, male or female, Assistant, Atomic 
Energy Commission research project; training in 
biochemistry. Personnel Department, Albert Ein- 
stein Medical Center, York and Tabor Roads, 
Philadelphia 41, Pa. x 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. vat 
(12 issues) membership, $5.00. CRUSAD 

SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 
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ee SYSTEMS, INC., a 
subsidiary of Ford Motor Company, is 
undertaking expanded military and 
commercial programs involving the most 
advanced research, development, experi- 
mentation and prototype production at 
modern, new facilities overlooking the 
Pacific Ocean at Newport Beach, Cali- 
fornia. The following positions are open: 


PHYSICAL CHEMISTS and PHYSI- 
CISTS, for the determination of high 
temperature thermodynamic properties 
of solids and gases. Advanced degree 
and minimum of 3 years related ex- 
perience required. Familiarity with ex- 
perimental procedures necessary. 


SENIOR PHYSICAL CHEMISTS or 
PHYSICISTS. Advanced degree required 
with at least 5 years experience in the 
analysis of combustion processes in high 
energy fuel systems. For assignment to 
work on combustion program of wide 
scope. 


Qualified scientists and ongineere are 
invited to contact Mr. L. T. Williams, 
Aeronutronic Systems, Inc., Building 16, 
1234 Air Way, Glendale, California. 














Experienced Histology Technician, ASCP regis- 
tered preferred. Supervise histology laboratory 
in large midwestern teaching hospital, train tech- 
nicians, opportunity for research. Box 163, 
SCIENCE t 





Medical Microbiologist, Ph.D.; experience in 
laboratory organization, administration, develop- 
ment; widely traveled, language. Wishes perma- 
nent position private company or hospital, New 
York City area; will travel. Box 176, SCIENCE. 





Medical Writer: Leading eastern pharmaceutical 
manufacturer seeks experienced writer for full- 
time position to collaborate with clinical inves- 
tigators in producing professional papers and ex- 
hibits. Send complete résumé including salary 
requirement. Box 174, SCIENCE. 1 





Pharmacologist, Ph.D., to head small, growing 
department, expanding pharmaceutical manufac- 
turer. Require ambitious, imaginative, produc- 
tive scientist, under 35, seeking career oppor- 
tunity in industrial pharmacology. Please send 
complete résumé, including publications and 
references. Box 176, SCIENCE 7/25 





Virologist-Immunologist : New vaccine program 
of major eastern pharmaceutical manufacturer re- 
quires experienced virologist for research project 
team work involving close contact with labora- 
tory scientists and field investigators. M.S. and 
some industrial experience desirable. Liberal 
benefits. Send complete résumé. Box 4 
SCIENCE. 


The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 











DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $26.00 per inch 
13 times in 1 year 24.00 per inch 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS. on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 
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LaWall & Harrisson 


RESEARCH & CONTROL LABORATORIES 
Div. $, 1921 Walnut St., Philadelphia 3, Pa, 


Food & Drug pRoBLEMs 




















BACTERIOLOGICAL 


Pharmacological ¢hemeat 


% JULY 1958 





















e HYPOPHYSECTOMIZED RATS 





SERVICES TO Beg 2 Ghee di hh os 
TECHNICAL ADVERTISERS, HORMONE ASSAY LABORATORIES, Inc. 


8159 South Spaulding Ave., Chicago 29, Ill. 
EXCLUSIVELY! “ 
@ Preparation of text and illustrations for 
ads; sales pamphlets; catalogs; training 
and operation manuals, etc. 
@ Industrial photography 
@ Retouching 
Our staff has the analytical judgment, spe- 
cialized skills and the experience required to 
organize and carry through any technical 





CHERRY HILL FARMS 








writing or illustrating assignment. | RATS 
RAPID + EFFICIENT - ECONOMICAL | MICE 
Consult us without obligation RABBITS 
DAVIDOR ADVERTISING GUINEA PICS 
AGENCY 
60 E. 42nd St., N.Y. 17, N.Y. MU 7-4185 P.O. BOX 840 CAMDEN, N.J. 














3 USE THIS EASY SELF-MAILER to obtain 
further information 


Readers’ Seni 
Neaders erutce 


Information Requisition 


25 July 1958 


It's simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment. 


From: 
Name Te Mow eis wan eeeee POE 6k i Sa cuca eee 
MME © isla Sha HSA -% os ORaiwere eS Caw 4S ae alee eae eee i 
WN ici Halal oie wale S.6ce. 6 sia ce' 5d ea eseh Geeta ale eee 
GI 0c: Gita POV er oe MME. DRE FETs. 


Zone 
(Please print or dt 
Mark, clip coupon—FOLD HERE along this line—mail 


No 
WillbePaid Barista 


b Necessary 
If Mailed in the 
Addressee United States 








BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. | 





AD Sensice 
SCIENCE MAGAZINE 


Room 740 
11 West 42 Street 
New York 36, New York 


Fasten Here Only 











Staple, Tape, Glue 
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SWISS_MICE 





TACONIC 
FARMS 

















|\|\|| SUPPLIES AND SQueent KI 


Concentrate Proteins cp 


in spinal fluid or urine prior 
to paper electrophoresis 
by dialysis in the 

Oxford Multiple Dialyzer 


for details write: 
xford 
aboratories San Francisco 4, Cal. 









111 Sutter Street 








Sprague-Dawley, Inc. | 

Pioneers in the development of the 
standard laboratory rat. 
Sprague-Dawley, Inc. 

P.O. Box 2071, Madison 5, Wisconsin 














GERMANTOWN NEW YORK Phone: CEdar 3-5318 
i A a a 3s | 
25 July 1958 
eC 


Servic c 


Information Requisition 


Use this easy self-mailer to obtain further information about 


items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 


172 177 182 183 
191 192 193 194 


ADVERTISERS IN THIS ISSUE 


184 


185 186 189 190 


In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise-_ 
ment. Where more than one ad appears on page, ‘‘U”’ indicates upper ad, ‘‘L”’ 
lower ad, ‘‘l’’ inside ad, ‘‘M’’ middle ad, and ‘‘O”’ outside ad. Advertisements 
in Personnel Placement and Market Place are not keyed. A multiplicity of items 


is indicated by 


*. Readers are requested to specify on this coupon the par- 


ticular item in which they are interested; otherwise, the request cannot be 


processed. 
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eS og 
* Pn 
H » 
albino rats ,- \ 
*Descendants of the § 


Sprague-Dawley and 
istar Strains 





e 
Hypophysectomized 
Rats 


a 
HENRY L. FOSTER, D.V.M. 


President and Direct or 


THE CHARLES RIVER BREEDING LABS. 




















Dept. B, Wilmington, Mass. 


















MEVALONIC ACID C4 


other High Radiopurity tagged compounds 


ISOTOPES ‘tonhanr Il INC 


jcanapegt BE aman Piped ine, 











WHITE MICE 


Hamsters, Guinea Pigs and Rats 
J.E.STOCKER Box4 Ramsey, N.J. 











[Kl BOOKS AND MAGAZINES jj 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to = e. high mar- 
ket prices. Write Dept. A3S, C ER's, I Ine. 
Boston 20, gree 


THE NEW 1958 


ISOTOPE INDEX 


. lists commercial sources of = 
isotopes and labeled compound. $3.00 USA 


of C-14, H-3, 1-131, P-32, S-35. $3.50 Foreign 


SCIENTIFIC EQUIPMENT CO. 


BOX 5686 — INDIANAPOLIS 19, INDIANA 


ADVANCES IN 
EXPERIMENTAL CARIES 
RESEARCH 


Editor: Reidar F. Sognnaes 
Price $6.75; AAAS Members’ prepaid 
order price $5.75 
246 pp., 49 illus., index, clothbound, 1955 
This is the first monograph specifi- 
cally devoted to data from the experi- 
mental] production and prevention of 
tooth decay in laboratory animals. 
Twenty distinguished investigators, 
representing dentistry and_ allied 
basic sciences, report and _ review 
their researches. Unusually well or- 
ganized, the book represents a co- 
herent sequence, and is skillfully 
summarized by the editor in a final 
chapter, followed by very detailed 
subject and author indexes. 
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1515 Massachusetts Avenue, NW 
Washington 5, D.C. 














“OUR PREVIOUS AD 






created a great deal of interest, 
for which we are grateful. Addi- : 
| tional advertising in your magazine | 
is contemplated.” | 
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SCIENTISTS AND ENGINEERS: 


Avr Force space and operational 


programs offer you 


unique professional challenge 


and opportunity 
as a cwilian 


Among the myriad current and projected programs of the U. S. 
Air Force lies a challenge and opportunity for civilian scientists 
and engineers with varying degrees of specialty and experience. 
These areas include: the research, development and maintenance 
essential to sustaining qualitative superiority for the operational Air 
Force; research and development in IRBM and ICBM fields; the 
projection into outer space and return of manned, piloted vehicles. 


Stimulating assignments exist for qualified men in the following 
categories: 


ENGINEERS-—Chemical, Aeronautical, Aero Plant Development, 
Electrical, Electronic, Mechanical, Industrial. 


SCIENTISTS— Chemists, Mathematicians, Meteorologists, Physi- 
cists. 


MEDICAL — Physicians, Research Psychologists. 


As an Air Force Civilian Scientist or Engineer you: 


WORK...in a fine creative atmosphere...with foremost men in the 
field... with most modern equipment and facilities ...in more than 
one specific program...in geographic location of your choice. 


RECEIVE ...assured income...low-cost life insurance... promo- 
tions from within... excellent retirement and compensation plans... 
protection from arbitrary separation...liberal sick and vacation 
leave plans. 


ENJOY...expanded scope of assignment... professional prestige 
and recognition... job satisfaction... participation in opening new 
frontiers and conquering space. 


For full details mail the coupon below. 


Paste on Postcard and Mail or Write to: 


Air Force Civilian Personnel, Dept. S2 
Box 7608, Washington 4, D. C. 


Please send me further information on U. S. 
Air Force Civilian Personnel opportunities. 


CHALLENGE 
SCOPE 
CREATIVITY 


U.S. Air 
City. Zone__State 


a a aa 


Name 





Degree(s) _____ Specialty. 
Address. 
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THE MOST VERSATILE 
PHASE MICROSCOPE EVER MADE 


Phasestar’s building block concept of design, exclusive with AO Spencer, offers you a choice 
of more than 50 different models. 
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= 
tow cost 35 mm. camera for \ Choice of 3 interchangeable 
crisp, inexpensive photomi- me full 360° rotatable bodies, 
crography. Coupled system 4 monocular, binocular, and tri- 
lets you shoot what you see. nocular, inclined for comfort. 

Special inclined monocular 

and vertical monocular bodies 
~*= for photomicrography avail- 
» able. 








No other Phase Microscope can 

offer you such a wide choice of : ~ F Focus stage and specimen to 

interchangeable parts and ac- ; the objectives with low-posi- 
. X tioned coarse and fine adjust- 

Seaen ree ° \ nal ments. Choose from 3 inter- 

You can adapt the Phasestar Y " changeable stages, graduated 

to your exact needs with vari- : or “taba th tacit 

° . . ° t - 
ous combinations of readily in- ce ee 
‘ + Glide circular stage 

terchangeable bodies, stages, : 4 

bases and optics. You have 

more than 50 possible combi- 

nations or models to choose 

from. 


Your Phasestar will be “just 
right’’ for you in convenience, 
comfort and the economy of 
real quality, 


The large fork type condenser 
mount allows you to quickly 
interchange a wide selection 
of Phase condensers... turret 
type, single unit or special 
long focus. 


Your choice of inter- 
changeable horseshoe 
base with double- 
plano mirror in fork 


mount or built-in base 
. 


illuminator. + 


Quick-change quad- 
ruple revolving nose- 
piece lets you inter 
change complete sets 
of phase, achromatic 
and apochromatic 
objectives quickly 
and precisely. 


@ Dept. G-4 | 


| va 
American Optical , Please send me the new Phasestar brochure | 
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SPENCER 
| INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 





